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Summary ^
The s t r u c tu r a l  requ irem en ts  fo r  th e  type  I ,  Reverse type  I  
and ty p e  I I  m icrosom al cytochrome P-450 b ind ing  s i t e s  have been 
s tu d ie d  u sin g  s e v e ra l  s e r ie s  o f o rg an ic  compounds which co n ta in  
r e s t r i c t e d  numbers o f fu n c tio n a l g roups. The b in d in g  a f f i n i t y  
o f  a  ty p e  I  s p e c t r a l  change produced by s e r ie s  o f  s a tu r a te d  and 
arom atic  hydrocarbons, f a t t y  a c id s ,  m ethyl e s t e r s ,  a lk y l - p - n i t r o -  
p h en y le th e rs  and a l ip h a t ic  carbam ates appears to  c o r r e la te  
d i r e c t ly  w ith  t h e i r  o c tan o l/aq u eo u s s o lu tio n  p a r t i t i o n  c o e f f ic ie n ts  
in d ic a t in g  th a t  hydrophobic b in d in g  i s  th e  prime requ irem en t fo r  
ty p e  I  b in d in g .
l - A n i l in o - 8-N aphthalene su lp honate  and th e  novel f lu o re s c e n t  
p ro b e s(+) and(-) W arfa rin , B enzidine and 7 ,12 -D im ethy lbenzan th racene , 
to g e th e r  w ith  d if fe re n c e  s p e c t r a ,  have been used to  f u r th e r  
in v e s t ig a te  th e  n a tu re  o f  th e  h e p a tic  m icrosom al cytochrome P-450 
b in d in g  s i t e s .  The ty p e  I  and R everse ty p e  I  s i t e s  have bo th  
confirm ed as be ing  a s s o c ia te d , w ith  a hydrophobic env ironm ent, 
and th e se  b in d in g  in te r a c t io n s  a re  m u tu a lly  e x c lu s iv e  whereas th e  
ty p e  I I  s i t e  i s  in  a  h y d ro p h ilic  re g io n .
A study  o f  th e  cytochrome P-if50 m ediated  0 -d e a lk y la t io n  o f 
fo u r p -n it ro p h e n y la lk y le th e rs  and two d -d e u te ra te d  a lk y l - p - n i t r o -
p h en y le th e rs  in d ic a te d  a complex r e la t io n s h ip  between ty p e  I  b in d in g
. . ' . ' ■ ' ■ . and m etabolism . The i n i t i a l  d e a lk y la tio n  r a te s  were in  th e  o rd e r
p -n it ro p h e n y liso p ro p y le th e r  > p -n itro p h e n y lb u ty le th e r  > p - n i t r o -
n h e n y le th y le th e r  > p -n itro p h en y lm e th y le th e r > a-D p -n it ro p h e n y l-  * ■ ■ c-
e th y le th e r  > a-D p -n itro p h e n y lm e th y le th e r . A f r e e  r a d ic a l  mechanism 
■ .  .
o f o x id a tio n  i s  p roposed  to  ex p la in  t h i s  sequence.
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1 .1 . CYTOCHROME P-450
1 .1 .1 .  G eneral
In  a d d it io n  to  th e  su b s tan ces  which u l t im a te ly  become in c o rp o ra te d  
in  th e  c e l l u l a r  components o f th e  body o r a c t  a s  an energy so u rce , th e re  
a re  o th e r  chem icals to  which th e  body i s  exposed such a s  c a rb o h y d ra te s , 
l i p i d s ,  p r o te in s ,  a lk a lo id s ,  n a tu r a l ly  o c c u rrin g  and s y n th e t ic  d ru g s , 
f la v o u r in g s , p igm ents, p re s e rv a t iv e s ,  p o ly c y c lic  hydrocarbons and 
te rp e n o id s , which serv e  no n u t r i t i v e  pu rp o se . These compounds which 
a re  fo re ig n  to  th e  m etabo lic  netw ork o f a  mammal a re  c a l le d  ’’X enob io tic"  
compounds from th e  Greek "xenos” and " b io s " ,  f o r  s tra n g e r  to  l i f e .
S ince fo r  l i p i d  so lu b le  compounds th e re  i s  l i t t l e  s e le c t iv e  c o n tro l  
over th e  a b so rp tio n  p ro c e ss , many o f th e se  x e n o b io tic  compounds g e t in to  
th e -b o d y . L ip id - s o lu b i l i ty  a ls o  ten d s  to  d iscou rage  e x c re t io n , th u s
ac cum ulât io n . X enob io tic  m a te r ia ls  u s u a lly  r e q u ire  co n v ersio n  
to  w a te r -so lu b le  su b stan ces  which a re  more r e a d i ly  e x c re ta b le . These 
a l t e r a t i o n s  in  s o l u b i l i t y  p ro p e r t ie s  a re  b rough t about by a  wide 
d iv e r s i ty  o f chem ical r e a c t io n s .  The m ajor s i t e  of m etabolism  o f th e se  
compounds o ccu rs  in  th e  endoplasm ic re tic u lu m  o f th e  l i v e r  c e l l s  
(B rodie _et 1955)- The. i n i t i a l  s ta g e  in  x e n o b io tic  m etabolism  i s  
f r e q u e n tly  ach iev ed  by an e le c tro n  t r a n s p o r t  system  g e n e ra l ly  known a s  
th e  "Cytochrome P-450 system ".
Drug m e ta b o lite s  a re  u s u a lly  more w a te r -so lu b le  th an  th e  o r ig in a l  
drug because th e  d e r iv a t iv e s  norm ally  c o n ta in  more h y d ro p h ilic  fu n c t io n a l  
g roups, o r a re  con jugated  w ith  r e l a t i v e l y  lip o p h o b ic  endogenous m o e it ie s .  
F urtherm ore , m e ta b o lite s  ten d  to  be more io n iz e d  a t  p h y s io lo g ic a l  pH 
v a lu es  than  th e  p a re n t compounds, and hence would more l i k e l y  be in  th e  
form of w a te r -so lu b le  s a l t s  th e re fo re  e x h ib i t in g  reduced  l i p i d  s o l u b i l i t y .
Although most drug m e ta b o lite s  a re  l e s s  b io lo g ic a l ly  a c t iv e  th an  
t h e i r  p a re n t compounds, th e re  a re  cases  where drug m etabolism  le a d s  to  
more to x ic  compounds, e . g . ,  im ipram ine i s  m etabo lized  to  desm ethylim ipram ine, 
an a c t iv e  a n t id e p re s s a n t;  co n ju g a tio n  o f N -hydroxy-N -ary lacetam ides r e s u l t s  
in  th e  m etabo lic  a c t iv a t io n  o f t h i s  c la s s  o f compounds to  p o te n t c a rc in o g en s .
The m etabolism  of drugs ta k e s  p lace  in  two phases; phase I ,  
p re c o n ju g a tio n , and phase I I ,  co n ju g a tio n  (W illiam s, I 96O).
Phase I  r e a c t io n s  depending on t h e i r  mode o f a c t io n  may be o x id a tio n s , 
re d u c tio n s , o r h y d ro ly se s . They occur p r in c ip a l ly  in  th e  l i v e r  and to  a  
l e s s e r  e x te n t in  th e  k id n ey s, lu n g s , sk in  and g a s t r o in t e s t i n a l  t r a c t .
Phase I I  r e a c t io n s  a re  sy n th ese s  in v o lv in g  a d d it io n  o f endogenous 
compounds to  th e  fu n c tio n a l  groups formed o r re v e a le d  a s  a  r e s u l t  o f 
phase I  r e a c t io n s .
Only th e  o x id a tiv e  r e a c t io n s  o f phase I  w i l l  be co n sid e red  in  th e  
p re s e n t s tu d y , because cytochrome P-450 th e  s u b je c t o f t h i s  t h e s i s ,  i s  
concerned in  th e se  r e a c t io n s .  '
O x ida tive  r e a c t io n s  a re  ex trem ely  common in  drug m etabolism , and 
i t  i s  o f i n t e r e s t  th a t  a l l .  th e se  r e a c t io n s  may be v is u a l iz e d  a s  
h y d ro x y la tio n  r e a c t io n s  ( G i l l e t t e ,  I 966) .
Arom atic h y d ro x y la tio n
R -  C Æ   R _ C^ H^ OH
A lip h a tic  h y d ro x y la tio n
E -  CHj — E -  CHgOH
10
0 -D e a lk y la tio n
R-O-CE - ■ — ^  [R -O -C H ^O H  ] - 4  R-OH + CH^O
N -D em ethylation
R-NH-CH^ ■ ■ — fe-NH-CH^OH ] R-NH^ + CH^ O
Deam ination ‘ qjj
R-CH(NE^) -  CH  ^ k-C(NH^) ^ CH  ^]  R-GO-CH^ + NH^
8 -O x id a tio n
R-8-R: ■ — 4^ fe-SOH-R* ] ^  R -SO -r’ + H***
N -O xidation
(CH,),N - - -% 4  [(CH,),-N-OH] ^ (CH,),N = 0 +
5 5 5 5 5 5
T his h y d ro x y la tin g  system  has been term ed a  mixed fu n c tio n  ox idase  
(Mason, 1957) s in c e  in  th e  course  o f th e  r e a c t io n  one o f th e  oxygen 
atoms o f 0_ i s  in c o rp o ra te d  in to  th e  s u b s t r a te  and th e  o th e r  i s  used  
to  form H^O.
1 .1 .2 .  N ature and I d e n t i f i c a t io n  o f Cytochrome P-450
In  1958 , G a rfin k e l and K lingenberg  independently ,show ed  th a t  
l i v e r  microsomes co n ta in ed  a  pigm ent which upon re d u c tio n  was capab le  
o f combining w ith  carbon monoxide to  produce an in te n s e  a b so rp tio n  
band a t  450 nm. T his carbon m ono x id e-liv e r pigm ent complex was c a l le d  
"P-450" (Omura & S a to , I 962) ,  a  te rm ino logy  which was su b seq u en tly  
changed to  cytochrome P-450 when th e  pigm ent was shown to  be a  haem oprotein  
(Omura & S a to , 1964 a ) .
The com bination of carbon monoxide w ith  a i r - s a tu r a t e d  microsomes 
induced no s ig n i f ic a n t  change in  spectrum  in d ic a t in g  th a t  cytochrome 
P-450 i s  a  re d u c ib le  pigm ent and th a t  on ly  th e  reduced  form could  b in d
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carbon monoxide. F urtherm ore , th e  peak o f 4^0 nm was low ered g ra d u a lly  
when th e  sodium d i th io n i t e  t r e a te d  sample in  a  carbon m o n o x id e -filled  
c u v e tte  was evacuated  b u t resumed i t s  o r ig in a l  h e ig h t on read m issio n  
o f carbon monoxide, which in d ic a te d  r e v e r s i b i l i t y  of carbon monoxide 
b in d in g  (Omura & S a to , 1964 a ) .  The r e a c t io n  o f cytochrome P-450 w ith  
carbon monoxide was reg a rd ed  a s  th e  c h ie f  c r i t e r io n  f o r  i t s  i d e n t i f i c a t i o n  
(Omura & S a to , 1964a) s in c e  cytochrome b^ , th e  o th e r cytochrome in  
th e  m icrosom al f r a c t io n ,  does n o t combine w ith  carbon monoxide ( S t r i t tm a t t e r  
& V e lick , 1956) .
The a d d i t io n  o f e th y l  iso cy an id e  to  l i v e r  microsomes in  th e  p resen ce  
o f d i th io n i t e  a ls o  induces a  s p e c t r a l  change (Omura & S a to , I 962 & 1964a), 
The r e s u l t a n t  d if f e re n c e  spectrum  i s  c h a r a c te r i s t i c  o f haemochromogens, 
b u t i t  shows an un u su a l peak a t  455 nm in  a d d i t io n  to  ty p ic a l  a , 3 , and 
S o re t peaks a t  56O, 550j and 450 nm, r e s p e c t iv e ly  (Omura & S a to , 1964a).
In  s tu d y in g  th e  n a tu re  o f th e  450 and 455 nm peaks, i t  was found th a t  
pH v a lu e  e x e r ts  a  profound in f lu e n c e  on t h e i r  r e l a t i v e  h e ig h ts ,  th u s  
w h ile  on ly  th e  450 peak was seen  a t  pH 6 , th e  455 peak became c le a r ly  
o b serv ab le  under more a lk a l in e  c o n d itio n s . T his in t e n s i f i c a t i o n  o f th e  
455 peak was accompanied by a  co rrespond ing  decrease  in  th e  h e ig h t o f th e  
450 peak , and a s  a  r e s u l t  o f t h i s  e f f e c t ,  th e  455 peak became h ig h e r  th an  
th e  450 peak a t  pH 8 .0  (Im ai & S a to , 1966b ) .  However, th e  bands a t  
450 and 455 nm d im in ished  in  th e  same p ro p o r tio n  when th e  c o n c e n tra tio n  
o f e th y l  iso cy an id e .w as  d ecreased  a t  a  f ix e d  pH (Omura & S a to , 1964a), 
w hereas an in c re a s e  in  th e  io n ic  s tr e n g th  s h i f te d  th e  e q u ilib r iu m  in  
fav o u r o f in c re a s e d  fo rm atio n  o f th e  455 s t a t e  (Im ai & S a to , 1968) .  
F u rth erm o re , c le a r  s p e c t r a l  co m p etitio n  cou ld  be dem onstrated  betw een
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carbon monoxide and e th y l  iso c y a n id e , and th e  two peaks in  th e  
e th y l  iso cy an id e  spectrum  were a f f e c te d  to  th e  same e x te n t by carbon 
monoxide re g a rd le s s  o f  th e  pH and e th y l  iso cy an id e  c o n c e n tra tio n s  
(im ai & S a to , 1966b ) .  These o b se rv a tio n s  and o th e r  s tu d ie s  on 
cytochrome P-%20, th e  p u r i f i a b le  b io ch em ica lly  in a c t iv e ,  den a tu red  
analogue o f  P-%50, have suggested  th a t  t h i s  pigment i s  a cytochrome 
o f  th e  b -ty p e  (Omura & S a to , 1964a, b ) .
Cytochrome P-%50, l ik e  th e  o th e r  h aem opro te in s, has a t e t r a p y r r o le  
p r o s th e t ic  group c o n ta in in g  io n ic  iro n  term ed protohaem . The i ro n  can 
be in  th e  fe rro u s  (Fe"*" )^ o r th e  f e r r i c  (Fe"*"^ *^ ) form and th e  fo u r 
n itro g e n  atoms o f  th e  t e t r a p y r r o le  a re  co n sid e red  to  l ig a n d  to  th e  
i r o n .  As iro n  ten d s  to  form a h e x a -v a le n t o c ta h e d ra l com plexes, two 
a d d i t io n a l  l ig a n d in g  p o s i t io n s  a re  a v a i la b le .  In  th e  case  o f  
myoglobin and haemoglobin th e  protohaem  has th e  im idazo le  o f  a 
h i s t i d in e  re s id u e  as th e  f i f t h  l ig a n d  (and oxygen o r w ater as th e  norm al 
s ix th  l ig a n d )  (Boyd, 1972) w hereas, ESR s tu d ie s  on cytochrome P-%50 
have su ggested  a t h i o l  complex w ith  th e  iro n  in  a lo w -sp in  s t a t e ,  
which appears to  be in  e q u ilib r iu m  w ith  a h ig h -sp in  form o f  th e  same 
haem oprotein  . In te rc o n v e rs io n  betw een th e se  lo w -sp in  and th e  h ig h -s p in  
forms o f  th e  haem oprotein may be in f lu e n c e d  by s u b s tr a te s  and v a rio u s  
o th e r  compounds. The s ix th  l ig a n d  in  th e  oxygenated haem oprotein  
i s  oxygen.
Cytochrome P-%50 i s  b e lie v e d  to  be a s s o c ia te d  w ith  m icrosom al 
l i p i d .  I t  has a m olecu lar w eight o f  about 3509000 (A utor e t  a l ,  1 9 7 3 )g 
and a b so rp tio n  spectrum  w ith  a peak a t  %20-%22 nin (Remmer e t  a l , 1969 ) .
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Cytochrome P-%50 has been id e n t i f i e d  in  a la rg e  number o f  
mammals and m icro -o rgan ism s. I t  has been s tu d ie d  in  l i v e r  microsomes 
o f  r a b b i t s  (Omura & S a to , 1964a), r a t s  (Schenkman e;t a l , I 96T ), ch icks 
(M itan i ^  a 2 , 1971), gu inea  p ig s  (Kupfer & O rre n iu s , 1970), mice 
(D avies e t  a d , 1969), and man (A lvares e t  a i ,  I 969) ,  and i t  i s  a lso  
p re s e n t ,  in  a l e s s e r  amount in  a d re n o c o r t ic a l  microsomes (Ichikaw a & 
Yamano, 1970) an d 'm ito ch o n d ria  (J e fc o a te  & Boyd, 1971), in  th e  lung  
(Fouts & Devereux, 1973), k idney  ( E l l in  e t  a l ,  1973), t e s t i s  
(Menard & P u rv is ,  1973), sm all in t e s t i n e  (Lehrmann e t  a l ,  1973), sk in  
(A lvares e t  a i , 1973 ) and p la c e n ta  (Bergheim e t  a l ,  1973). Among 
non-mammals i t  has been shown to  be p re s e n t in  h o u s e f l ie s  (T ate  e t  a l , 
1973 ) ,  in  p la n ts  (Markham e t  a l ,  1972) and in  y e a s t (Wiseman e t  a l ,
1975 ) .  Pure c r y s t a l l i n e  form o f  th e  cytochrome has a ls o  been i s o la te d  
from pseudomona p u tid a  (Yu & G unsalus, 1970; Yn e t  a i , 197%).
1 .1 .3 .  S u b s tra te -In d u c e d  S p e c tra l Changes
In  1966 , Remmer e t  a i , and Imai & S a to , re p o r te d  t h a t  v a r io u s  
x e n o b io tic s  produce c h a r a c te r i s t i c  absorbance changes in  th e  d if f e r e n c e  
s p e c tra  o f  l i v e r  microsomes and proposed th a t  th e se  s p e c t r a l  changes 
r e f l e c t  th e  in te r a c t io n  o f  th e  added compound w ith  cytochrome P-450.
The s p e c t r a l  changes which a re  o b ta in e d  upon a d d itio n  o f  v a r io u s  
compounds to  suspension  o f  l i v e r  microsomes in  b u f fe r  system s have 
been c l a s s i f i e d  in to  th r e e  main ty p e s  (Schenlonan e t  a l ,  1967;
Schenkman e t  a l ,  1972); Type I ,  Type I I ,  and R everse Type I  ( ty p e  R l) .
The ty p e  I  s p e c t r a l  change i s  in d ic a te d  by an a b so rp tio n  peak 
in  th e  range 385-390 nm, and a tro u g h  in  th e  range 4 l8-427  (F ig u re  1 . 1 . ) .  
T his ty p e  o f s p e c t r a l  change was re p o r te d  n o t to  be caused  by in te r a c t io n
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o f s u b s tr a te  w ith  th e  haem m oeity  o f  th e  cytochrome (Schenkman &
S a to , 1968) ,  bu t r a th e r  w ith  th e  l ip o p r o te in  p o r t io n . A wide 
v a r ie ty  o f compounds have been found to  cause th e  ty p e  I  s p e c t r a l  
change, th e y  range from drugs o f many pharm aco log ica l c a te g o r ie s  
(Schenkman ^  I 967 ) to  some f a t t y  a c id s  (O rrenius & T hor, I 969 ) ,
and s te r o id s  (T redger, 1973).
The ty p e  I I  s p e c t r a l  change which i s  f a r  l e s s  common i s  
c h a ra c te r iz e d  by an ab so rp tio n  peak in  th e  range 429-435 nm, and 
a tro u g h  a t  about 390 nm (F igure  1 . 1 . ) .  Compounds which e l i c i t  th e  
ty p e  I I  s p e c tr a l  change a re  b a s ic  amines such a s ,  n ico tin am id e  and 
aminophenols (Temple, 1971), n -a lk y l  amines (J e fc o a te  e t  a l ,  1969)9 
and iso q u in o lin e  (Gorrod e t  a l ,  I 971) .
. r  The ty p e  RI spectrum  which i s  o f te n  confused  w ith  a ty p e  I I  
spectrum  (peak a t  about 420 nm and tro u g h  a t  about 390 nm. F ig u re  1 .1 . )  
i s  no rm ally  a m irro r image o f a ty p e  I  spectrum  (Schenkman e t  a l , 1972); 
examples o f compounds e l i c i t i n g  t h i s  ty p e  o f  s p e c t r a l  change a re  
a g ro c lav in e  and e th an o l (O rren ius eh 1972).
The ty p e  I  s p e c t r a l  change i s  p robab ly  caused by an in c re a s e  in  
th e  e le c t r o n e g a t iv i ty  o f  one l ig a n d  o f th e  haem, and i t  i s  su g g ested  
t h a t  th e  s p e c t r a l  changes a re  due to  th e  d isp lacem en t o f  th e  s ix th  
l ig a n d  from a hydrophobic re g io n  o f  th e  apoenzyme by th e  s u b s t r a te  
(Schenkman & S a to , I 968) . The ty p e  I  in te r a c t io n s  a p p a re n tly  in v o lv e  
P -490- a s s o c ia te d  p h o sp h o lip id . This view i s  supported  by th e  f in d in g  
th a t  th e  ty p e  I  s i t e  i s  d estro y ed  by m icrosom al is o -o c ta n e  e x tr a c t io n  
o r d ig e s t io n  w ith  p h o spho lipases C and D (C haplin  & M annering, 1970; 
Leibman & E stab rook , 1971)*
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The ty p e  I  s p e c t r a l  change was c o r r e la te d  e a r ly  on w ith
m etabolism  s in ce  some compounds which e l i c i t  t h i s  response  in  l i v e r
microsomes a re  known s u b s tr a te s  o f  th e  mono-oxygenase system , and
because s i m i l a r i t i e s  in  s p e c t r a l  d is s o c ia t io n  c o n sta n t (Kg) and
M ichae lis  c o n sta n t (K^) were observed  fo r  a number o f  s u b s tr a te s
(Schenkman ^  I 967). However, w hereas a c lo se  r e la t io n s h ip
between apparen t K and K v a lu es  o f te n  ho lds t r u e ,  th e re  seems tos -m
be no c o r r e la t io n  between th e se  param eters and th e  m agnitude o f  
th e  s p e c t r a l  changes produced o r th e  r e l a t i v e  r a te s  o f  m etabolism  
(O rren ius ejb a d , 1972). F urtherm ore , Anders a t  ^  (1973) have shown 
no c o r r e la t io n  between r a te s  o f  N -dem ethylation  and ty p e  I  b in d in g  
s p e c tra  o f  s e v e ra l  e n a n tio m e r ic a lly  r e l a t e d  d ru g s . In o rg an ic  
compounds, on th e  o th e r  hand, which a re  most u n lik e ly  to  be 
m e tab o lized , e .g .  s i l i c i c  a c id  and b o r ic  a c id  have been shown to  
in t e r a c t  w ith  m icrosom al suspensions to  g iv e  a  ty p e  I  s p e c t r a l  
change (Burke, 1972).
The ty p e  I I  s p e c t r a l  change has been suggested  to  be a s s o c ia te d
w ith  ferrihaem ochrom e fo rm ation  in v o lv in g  e le c tro n  t r a n s f e r  betw een
th e  s ix th  l ig a n d  o f  iro n  and th e  n itro g e n  atom -of th e  added compound
2(Schenkman ^  1967)9 in  which th e  n i tro g e n  i s  p r im a r i ly  an sp
o
or sp h y b r id , and in  which th e  nonbonded e le c tro n  p a i r  i s  s p a t i a l l y  
a c c e s s ib le  (K ulkarn i e t  a l ,  1974; Mailman e t  a l ,  1974). The ty p e  I I  
i n t e r a c t io n s ,  th e r e f o r e ,  would appear to  be co m p etitiv e  w ith  carbon 
m onoxide.
The ty p e  RI i s ' t h e  most n e g le c te d  o f th e  s p e c t r a l  changes, fo rm erly  
r e f e r r e d  to  as th e  m od ified  ty p e  I I  s p e c t r a l  change (Schenkman a t  a l , 
1967 ) ,  a  name which was su b seq u en tly  changed to  in v e rse  ty p e  I
IT
(D ieh l ab a l ,  1970) o r re v e rse  type I  (Schenkman e t  1972).
A lthough i t  resem bled th e  type I I  c a te g o r y , i t  soon became ap p aren t 
th a t  t h i s  s p e c t r a l  change i s  a s  s p e c i f ic  w ith  re s p e c t to  w avelength 
a s  th e  type I  s p e c t r a l  change, a lth o u g h , because i t  ap p ea rs  
sp e c tro p h o to m e tr ic a lly  s im ila r  to  the  type I I  s p e c t r a l  change, i t  
has o f te n  been l ik e n e d  to  th e  l a t t e r  (Whysner e t  ^  I 969) .  However, 
w hereas type I I  compounds can d isp la c e  carbon monoxide from reduced
type RI compounds can n o t. The type RI would th e re fo re  appear to  
be th e  s p e c t r a l  m a n ife s ta tio n  o f b in d in g  to  th e  apoenzyme o f th e  
mixed fu n c tio n  ox idase  system  (Schenkman e t  a l ,  1972). The type 
RI producing  group o f compounds ap p ears  to  be a s  ch em ica lly  h e te rogeneous 
a s  th o se  producing  type I  s p e c t r a l  changes.
Type RI s p e c t r a l  change has been su g g ested  a s  b e in g  due to  th e  
d isp lacem ent o f in  vivo bound s u b s t r a te  (o r p ro d u c t) from th e  enzyme 
(D ieh l e t  a l ,  1970, Schenkman e t  a l ,  1969; Schenkman, 1970). However, 
th e  q u e s tio n  o f w hether type RI i s  a n o th e r c la s s  of s p e c t r a l  in t e r a c t io n  
w ith  d i f f e r e n t  p ro p e r t ie s  has been r a is e d  r e c e n t ly .  Mailman e t  a l ,  (1974-) 
p re fe r re d  to  c a l l  t h i s  type  o f spectrum  "Type I I -A " , su g g e s tin g  th a t  
oxygen atoms a c t  much l ik e  n itro g e n  atoms a s  n u c le o p h ile s  re p la c in g  
an o th e r lig a n d  a t  th e  5tH o r 6 th  lig a n d  p o s i t io n  o f th e  haem group o f 
P-4-50, causing  a bathochrom ic s h i f t ,  i t  i s  o f a  lower i n t e n s i t y  and
s h o r te r  w avelength due to  th e  low er n u c le o p h i l ic i ty  o f th e  groups
/
in v o lv ed . - •
F u r th e r  s tu d ie s  on th e  in te r a c t io n  o f s u b s t r a te s  w ith  cytochrome 
P-4-50 have been c a r r ie d  ou t u s in g  th e  tech n iq u e  of e le c t r o n  param agnetic  
re so n an ce . The h ig h -sp in /lo w -sp in  e q u ilib r iu m  was found to  be a f f e c te d  
by th e  p resence  o f a  type I  o r a  type I I  compound. So t h a t ,  u s in g
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a s tro n g  l ig a n d , th e re  i s  a g r e a te r  tendency to  fo rce  th e  e le c tro n s  
in  th e  3d o r b i t a l s  o f Fe** o r Fe*** in to  th e  low er energy , nonbonding 
o r b i t a l s  which w i l l  reduce th e  number o f u n p a ired  e le c tro n s  and g iv e s  
r i s e  to  th e  term  "low -sp in"  s t a t e .  C onverse ly , i f  th e  l ig a n d  f i e l d  
i s  weak, th e  e le c tro n s  a s s o c ia te d  w ith  th e  m e ta l l ic  io n s  w i l l  occupy 
a l l  th e  a v a i la b le  m olecu lar o r b i t a l s .  So t h a t ,  th e  s o -c a l le d  type I  
s p e c t r a l  in te r a c t io n  can be produced by weak lig a n d  s h i f t i n g  th e  
e q u ilib riu m  tow ards h ig h -s p in , whereas th e  type  I I  c o -o rd in a tio n  
complexes w i l l  be in d ic a te d  by a  s h i f t  tow ards lo w -sp in  s t a t e  (Boyd, 
1972; Gammer ^  1966).
In  an e f f o r t  to  e lu c id a te  th e  d if f e r e n c e s  between th e  b in d in g  o f 
compounds causing  d i f f e r e n t  s p e c t r a l  s h i f t s ,  Leibman e t  ^  ( I 969) 
in v e s t ig a te d  th e  e f f e c t  o f a  second compound c a l le d  " th e  m o d ifie r"  
on th e  b in d in g  o f s e v e ra l  c l a s s i c a l  type  I  and type I I  compounds.
The m o d ifie r i s  added to  b o th  re fe re n c e  and sample c u v e t te s ,  and hence 
i t s  own s p e c t r a l  b in d in g  s h i f t  i s  obscu red . Using h e x o b a rb ita l  a s  a  
type  I  m o d if ie r , Schenkman (1970) re p o r te d  th e  p resence  o f a  type  I  
component in  th e  type I I  b in d in g  spectrum  o f a n i l in e .  The a d d i t io n  o f 
c e r ta in  amount o f a  type I  compound to  b o th  sample and re fe re n c e  
c u v e tte s  in c re a se d  th e  s p e c t r a l  changes o f th e  type I I  compound and 
changed th e  i s o b e s t ic  p o in t (F ig u re  1 .2 ) ;  u s in g  am inopyrine a s  a  
ty p e  I  m o d if ie r , th e  m agnitude o f th e  s p e c t r a l  change caused  by 
h e x o b a rb ita l  was found to  be much low er th an  th e  m agnitude o f th e  
h e x o b a rb ita l- in d u c e d  s p e c t r a l  change a lo n e , in d ic a t in g  th a t  one 
ty p e  I  compound could  a f f e c t  th e  type I  spectrum  caused by an o th e r 
type  I  compound. Schenkman e t  (1972) re p o r te d  th a t  th e  p resen ce  
o f p h e n ac e tin , a  type R I, and h e x o b a rb ita l  a  type I  compound, r e s u l t e d  
in  a  co m p etitio n  causing  a decrease  in  th e  magnitude o f th e  s p e c t r a l
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change; w hereas, type RI compounds d id  n o t compete w ith  a n i l in e  fo r  
b in d in g  to  th e  haem oprotein . They concluded th a t  type RI s p e c t r a l  
change i s  th e  s p e c t r a l  m a n ife s ta tio n  o f in te r a c t io n  o f a  c la s s  o f 
compounds w ith  th e  ap o p ro te in  m oeity o f cytochrome P-4^0.
The magnitude o f th e  s p e c t r a l  changes observed i s  g e n e ra lly  
dependent upon th e  c o n c e n tra tio n  o f th e  s u b s tr a te  added, an e f f e c t  
which i s  s im ila r  to  th a t  observed  in  th e  d e te rm in a tio n  o f th e  change 
in  enzyme a c t i v i t y  w ith  changing s u b s tr a te  c o n c e n tra tio n . T h e re fo re , 
th e  s p e c t r a l  t i t r a t i o n s  a t  f ix e d  w avelength can by an a ly zed  by means 
o f a  r e c ip ro c a l  p lo t(a n a lo g o u s  to  a  Lineweaver-Burk p lo t )  to  determ ine 
th e  s p e c t r a l ly  ap p a ren t d is s o c ia t io n  c o n s ta n t, K , (Schenkman, 1970)- 
The magnitude o f th e  s p e c t r a l  changes observed  fo r  th e  s u b s tra te -P -4 9 0  
in te r a c t io n s  have been found to  be dependent upon th e  c o n c e n tra tio n  o f 
the-m icrosom al su sp en sio n , b u t ,  th e  s p e c t r a l  d is s o c ia t io n  c o n s ta n t 
c a lc u la te d  over a range o f p ro te in  c o n c e n tra tio n  o f 1 , 2 o r 3 mg/ml 
u s u a lly  rem ains c o n s ta n t (Schenkman _et 196?). However, Waterman 
a t  ^  (I973)have re p o r te d  a  change o f one o rd e r o f m agnitude in  th e  
Revalue w ith  a  change o f th e  c o n c e n tra tio n  o f  th e  m icrosom al p r o te in  
from 3 to  30 mg/ml. "
In c re a s in g  th e  c o n c e n tra tio n  o f a  s u b s t r a te ,  may r e s u l t  in  a  change 
o f th e  type o f s p e c t r a l  i n te r a c t io n .  L -try p to p h an  a t  a  c o n c e n tra tio n  o f 
0 .2  mM produced type I  s p e c t r a l  in te r a c t io n  w ith  r a t  l i v e r  m icrosom es, 
t h i s  type I  s p e c t r a l  change became a  type RI on in c re a s in g  th e  c o n c e n tra tio n  
and s t i l l  h ig h e r c o n c e n tra tio n s  o f L -try p to p h an  ( e .g .  0 .8  mM) caused' 
th e  fo rm ation  o f a  type I I  s p e c t r a l  in te r a c t io n  (O rren iu s  e t  a l ,  1972).
A change in  th e  s p e c t r a l  in te r a c t io n  from type I  to  type  I I  by in c re a s in g  
th e  c o n c e n tra tio n  o f d e sm e th y ln o r tr ip ty le n e  (von B ahr, 1972) and (+)
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amphetamine (H offstem  & O rre n iu s , 1973) has a ls o  been found. In  an 
a tte m p t to  e x p la in  t h i s  phenomenon, Gorrod & Temple (1973) showed t h a t ,  
compounds w hich .norm ally  e x h ib i t  a  type I . s p e c t r a l  change, b u t c o n ta in  
a  group which i s  capab le  o f b in d in g  to  th e  s ix th  lig a n d  o f i ro n  may 
a t  th e  same tim e produce a  type I I  d if f e re n c e  spectrum  which i s  no rm ally  
obscu red . They concluded th a t  th e  e x te n t o f b in d in g  to  each s i t e ,  and 
hence th e  form o f th e  norm al d if fe re n c e  spectrum , i s  dependent upon 
m olecu lar s t r u c tu r e  and r e s u l t a n t  physicochem ical p ro p e r t ie s  o f th e  
compound, to g e th e r  w ith  th e  p resence  o f endogenous su b s ta n c es  b in d in g  
a t  e i th e r  s i t e .
F a c to rs  in f lu e n c in g  b in d in g
a )  S torage
When s tu d y in g  th e  m etabolism  o f d ru g s , c a rc in o g e n s , o th e r  fo re ig n  
compounds, and s te r o id s  in  th e  h e p a tic  m icrosom al enzyme system  i t  i s  
sometimes n e ce ssa ry  to  s to r e  th e  p rep ared  microsomes b e fo re  u se . In  
such in s ta n c e s , i t  i s  im p o rtan t to  know i f  changes have o c c u r r e d , ,d u rin g  
th e  s to ra g e , which a f f e c t  th e  microsomal p r o p e r t ie s .
The drug m e ta b o lis in g  a c t i v i t y  o f microsomes p rep a red  from r a b b i t  
l i v e r  s to re d  du s i t u  a t  0°C fo r  4 hou rs  was 23% le s s  th an  th e  a c t i v i t y  
o f microsomes p rep a red  from l i v e r  ex c ised  im m ediately  fo llo w in g  th e  
an im als death  (L eadbeate r & D avies, 1964). The s p e c t r a l ly  ap p a ren t 
s u b s t r a te  induced type I  in te r a c t io n  w ith  cytochrome P-430 i s  much more 
s e n s i t iv e  to  damage through s to ra g e  o f microsomes than  th a t  o f type  I I  
i n te r a c t io n s .  For exam ple, s to ra g e  o f microsomes in  th e  co ld  (l°C ) f o r  
24 hours r e s u l te d  in  a  decrease  o f n o t more th an  8% fo r  th e  type  I I
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component; w hereas th e  type I  d if f e re n c e  spectrum  caused by h e x o b a rb ita l  
decayed much more ra p id ly  w ith  a  23-40% lo s s  (Hewick & F o u ts , 1970). 
i te th e rm o re , s to r in g  th e  microsomes fo r  7 days a t  -3  0 , r e s u l te d  in  
a  s l i g h t  lo s s  o f th e  type I I  b in d in g ; w hereas, th e  type  I  b in d in g  was 
a lm ost com pletely  l o s t  (Shoeman ^  1969a ) .  I t  has been su g gested
th a t  monooxygenase a c t i v i t i e s  a re  b e s t  p re se rv ed  in  m icrosom al 
su sp en sio n s  o r m icrosom al p e l l e t s  s to re d  a t  -  40° and -  13°, r e s p e c t iv e ly ,  
and p re se rv ed  l e a s t  in  m icrosom al su sp en sio n s  a t  0°C (L eadbeate r &
D avies, 1964; Levin e t  a l ,  1969 , Wade e t  a l ,  1972). ' .
b) S pec ies  d if f e r e n c e s
The m agnitude o f th e  s p e c t r a l  changes induced by some compounds 
and even th e  shape o f th e  spectrum  may be a l t e r e d  by changing th e  
sp e c ie s  from which th e  microsomes a re  d e r iv e d . H ex o b arb ita l and a n i l in e  
g ive  type I  and type  I I  spectrum  r e s p e c t iv e ly ,  w ith  male and fem ale 
r a t s ,  r a b b i t s ,  and m ice. However, a lth o u g h  th e re  i s  no s ig n i f i c a n t  
change in  th e  b in d in g  c a p a c ity  o f Pr430 w ith  e i th e r  h e x o b a rb ita l  o r 
a n i l in e  in  male o r fem ale r a b b i t s  and m ice, co n s id e ra b le  changes in  th e  
m agnitude o f th e  s p e c tra  p e r rag p ro te in  a re  observed  (Kato _et a ^ , 1970a).
P h en ace tin  can cause a type  I  s p e c t r a l  change w ith  r a b b i t  l i v e r  
microsomes (Im ai & S a to , I 966a ) ,b u t , w ith  r a t  l i v e r  m icrosom es, 
p h en ace tin  g iv e s  a  type RI s p e c t r a l  change ( Schenkman a t  1972). 
A groclavine i s  a n o th e r example o f compounds which g ive  d i f f e r e n t  
type  o f s p e c t r a l  in te r a c t io n  in  d i f f e r e n t  s p e c ie s .  The b in d in g  s p e c tr a  
o f t h i s  compound i s  a  m odified  type I I  w ith  microsomes from r a t  l i v e r ,  
b u t type I  w ith  r a b b i t  and gu inea p ig  l i v e r  microsomes (W ilson e t  a l ,
1971).
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S p e c tra l in te r a c t io n s  have been a ls o  found w ith  human h e p a tic  
m icrosomes. W hilst a n i l in e  i s  a iype I I  compound w ith  bo th  human and 
r a t  h e p a tic  microsomes (Ackermann, 1972; Kamataki e t  1971, 1973 a ,h ;  
Pelkonen, 1973), h e x o b a rb ita l  and am inopyrine, bo th  type I  in  th e  r a t ,  
have been d e sc rib ed  a s  be in g  e i th e r  type I  (Pelkonen, 1973) o r type I I  
(Kam ataki, â t  1971) in  man. SKF 325-A, on th e  o th e r  hand, has
been d e sc rib ed  a s  be in g  type  I I  in  human l i v e r  microsomes (Kamataki 
_et 1971) ,  w hereas, a type  I  spectrum  i s  induced in  th e  r a t .  W arfarin , 
however, produces a  type RI spectrum  in  bo th  r a t  and human l i v e r  microsomes 
(D eckert & Remmer, 1972). Furtherm ore, Type I I  compounds such  a s  a n i l i n e ,  
p-am inophenol, m etyrapone, and n ico tin am id e , induce a type  I I  s p e c t r a l  
change in  th e  human p la c e n ta l  m icrosomes, whereas type I  compounds 
(am inopyrine, h e x o b a rb ita l ,  n ap h th a len e , and p e n to b a r b i ta l )  produce no 
d if fe re n c e  s p e c tra  (Bergheim £ t  1973)-
1 .1 .4 .  Conversion o f Cytochrome P-43Q to  P-420
E arly  a tte m p ts  to  p u r if y  cytochrome P-430 from membranes were 
thw arted  by th e  lo s s  o f a b so rp tio n  in  th e  430 nm re g io n  and th e  appearance 
in  i t s  p lace  o f an in te n s e  a b so rp tio n  peak a t  420 nm, c a l le d  cytochrome 
P-420 (Omura & S a to , 1964 a ,b ) .  A lthough cytochrome P-430 r e s i s t s  
t o t a l  p u r i f i c a t io n  from i t s  a s s o c ia te d  m icrosom al membrane, i t  i s  
amenable to  p re p a ra t io n  a s  a  p a r t i c l e ,  v i r t u a l l y  f r e e  o f b o th  i t s  
d eg rad a tio n  p ro d u c t, P-420, and cytochrome b ^ , by s e le c t iv e  s o lu b i l i s a t i o n  
o f th e  l a t t e r  w ith  t ry p s in  (o r  s te a p s in  o r n o n -io n ic  d e te r g e n ts ) ,  w h ile  
p re v e n tin g  d é n a tu ra tio n  by th e  p resence  o f g ly c e ro l (A utor e t  a l ,  1973, 
Ichikaw a & Yamano, 1970; Im ai & S a to , 1974; J e fc o a te  e t  a l ,  1969;
Levin & Kuntzman, 1969). The P-430 p a r t i c l e s  d e riv ed  in  t h i s  way, 
a re  m e ta b o lic a lly  in a c t iv e ;  b u t t h e i r  h y d ro x y la tio n  a c t i v i t y  can be 
r e s to re d  by the  a d d it io n  o f a p p ro p r ia te  m icrosom al s u b f ra c t io n s
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in c lu d in g  NADPH-cytochrome P-430 re d u c ta se  and l i p i d  (F u j i t a  &
M annering, 1973; I n \ e t  19&9, 1971). However, th e  main d i f f i c u l t y  
in  p re p a rin g  cytochrome P-430 in  a  homogenous s t a t e  s t i l l  rem ains, 
namely th e  la c k  o f s u i ta b le  s o lu b i l iz in g  a g en ts  capable  o f e f f i c i e n t  
d is ru p tio n  o f th e  hydrophobic in te r a c t io n s  by which th e  cytochrome i s  
bound to  th e  membrane m a trix  w ith o u t provoking o th e r damage to  th e  system  
(S a to , e t  a2 , 1973)•
The conversion  o f cytochrome P-430 to  P-420 was f i r s t  n o tic e d  
w ith  snake venom c o n ta in in g  phospho lipase  A and d e te rg e n ts  such a s  
sodium deoxycholate  (Omura & S a to , 1964 a ,  b ) .  S ince th e n , a  wide 
v a r ie ty  o f compounds have been re p o r te d  to  co nvert cytochrome P-430 
to  P-420 in c lu d in g : t ry p s in  (O rren iu s  _et 1969), n e u t r a l  s a l t s ,
a n i l in e ,  ly s o le c i th in ,  and guan id ine  (im ai & S a to , I 967 a ) , u re a  
(Mason £ t  a l ,  I 963) ,  and th e  o th e r  u re a s  (Ichikaw a & Yamano, 1967 a ) ,  
a lc o h o ls  (Im ai & S a to , I 967 a ) ,  io d in e  (im ai & S a to , 1967 a ; U l l r i c h ,  
1969) ,  and m ethyl m ercuric  c h lo r id e  (A lvares ^ t  a2 , 1974). The cytochrome 
pigm ent P-420 which i s  produced a f t e r  th e  tre a tm en t o f cytochrome 
P-430 w ith  d e te rg e n ts , can be converted  back to  P-430 by tre a tm e n t 
w ith  p o ly o ls  o r reduced  g lu ta th io n e . However, a f t e r  tre a tm e n t w ith  
u re a s ,  am ides, m ono-hydric a lc o h o ls ,  k e to n es , n i t r i l e s ,  guanidinium  
s a l t s  or sodium dodecyl s u lp h a te , P-420 th u s  o b ta in ed  cannot be 
converted  to  P-430 by p o ly o ls  o r reduced  g lu ta th io n e  (Ich ikaw a &
Yamano, I 967 b ) .  The conversion  o f P-430 to  P-420 i s  a f f e c te d  by th e  
pH of th e  medium; Cytochrome P-430 i s  s ta b le  on ly  a t  pH 6 to  8 . At
pH v a lu es  lower th an  6 and h ig h e r th an  8 , i t  i s  converted  to  P-420
to  some e x te n t (Im ai & S a to , I 967 a ) .
Soluble  cytochrome P-420 does n o t combine w ith  drugs to  g ive
c h a r a c te r i s t i c  b in d in g  s p e c tr a .  B ut, when th e  s o lu t io n  o f P-420 was
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d e sa lte d  over Sephadex G-25  and co n ce n tra te d  to  o f i t  o r ig in a l  
volume, cytochrome P-420 ag g reg a ted  in  th e  form o f m ic ro tu b u le s .
T h is  ag g regated  cytochrome P-420 produced ty p ic a l  type I  and type  I I  
s p e c tra  w ith  h e x o b a rb ita l and a n i l in e ,  r e s p e c t iv e ly  (Shoeman e t  a l ,
1969 b , 1973).
Im ai 8c Sato (196? a ) have assumed th a t  th e  co n v ersio n  of 
cytochrome P-450 to  P-420 i s  due to  th e  d is ru p tio n  o f th e  a s s o c ia t io n  
between th e  haem oprotein and th e  m icrosom al l i p i d .  Depending upon 
th e  a g e n t, t h i s  may occur e i th e r  by i t s  a c t io n  on th e  l i p i d  or 
by an e f f e c t  on th e  p ro te in  a s s o c ia te d  w ith  th e  l i p i d .  They concluded 
th a t  th e  conversion  o f cytochrome P-450 to  P-420 would r e s u l t  from th e  
d is tu rb a n ce  o f th e  hydrophobic environm ent aroung th e  haem e i th e r  by 
th e  p rim ary  a c t io n  o f th e  ag en t o r by a  secondary e f f e c t  caused by 
co n fo rm atio n a l changes in  th e  haem opro tein . However, t h i s  co n c lu s io n  
i s  n o t supported  by f lu o re s c e n t  probe s tu d ie s  ( s e c t io n  1 .2 .3 ) .
1 . 1 . 5 . Forms o f Cytochrome P-450
S tu d ie s  on th e  in d u c tio n  o f m icrosom al drug m e ta b o lis in g  enzymes 
by p o ly c y c lic  hydrocarbons su g g est th e  fo rm ation  o f a  m odified  
cytochrome P-450 ( F u j i ta  & M annering, 1971; J o r i  & P e scad o r, 1974; 
S ladek  & M annering, I 966) ,  fo r  w hereas, th e  carbon monoxide m icrosom al 
pigm ent from u n tre a te d  and phenobarb itone  induced an im als  e x h ib i ts  
450 nm reduced  carbon monoxide lig a n d  s p e c t r a l  peak , a f t e r  p o ly c y c lic  
hydrocarbon in d u c tio n , t h i s  i s  s h i f te d  to  446 nm o r 448 nm .
(V ario u s ly  term ed P-446, P -448, o r P^-450) . (A lvares e t  I 967 ; 
G n o ssp e liu s , e t  a l ,  1970; H ild eb ran d t e t  a l ,  I 968) .
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S tu d ie s  on the  in te r a c t io n  o f e th y l  iso cy an id e  w ith  3-MC- 
(3-M ethyl C holanthrene) p r e t r e a te d  microsomes have a ls o  shown a 
s h i f t  o f 2 nm i f  compared w ith  c o n tro ls  o r phenobarb itone  induced 
r a t s .  The 433 peak i s  enhanced a t  th e  expense o f th e  norm al,
430 nm peak, and th e  i s o b e s t ic  pH fo r  th e  two e th y l  iso c y a n id e -  
l ig a n d  a b so rp tio n  bands i s  low ered (A lvares e t  I 968 ; S ladek 
& Mannering, I 966) .
P henobarbitone p r e t r e a te d  r a t s  have s ig n i f i c a n t ly  in c re a se d  
l i v e r  w eigh t, microsomal p r o te in ,  P-430 co n ten t and enzyme a c t i v i t i e s  
o f a n i l in e  h y d roxy lase , h e x o b a rb ita l  h y d ro x y lase , and p tn i t r o a n is o le  
dem ethylase compared to  c o n tro ls .  In  c o n t r a s t ,  p re tre a tm e n t w ith
3-MC in c re a se  l i v e r  w e ig h t, P-430 co n ten t and p -n i t r o a n is o le  dem ethylase 
w ith o u t in f lu e n c in g  th e  o th e r  pa ram ete rs  (Gram ok aT, I 968; Hernandez 
e t  a l , 1967Î O rren ius e t  a l ,  1963; S ladek & M annering, I 966) .  .
S tu d ie s  on th e  s p e c t r a l  in te r a c t io n  o f s u b s t r a te s  w ith  P-430 
have shown th a t  th e  magnitude o f b o th  type  I  and type I I  s p e c t r a l  
changes a re  in c re a se d  in  phenobarb itone  p r e t r e a te d  an im als  (Kato e t  a l  
1970 b ) ,  w hereas, on ly  th e  magnitude o f type  I I  s p e c t r a l  change o f 
a n i l in e  i s  enhanced by 3-MC p re tre a tm e n t, th e  type I  s p e c t r a l  
in te r a c t io n  be ing  e i th e r  unchanged o r d im in ished  ( F u j i t a  a t  a l ,  1973; 
Kato £ t  a l ,  1970 b; Schenkman jet aT, I 969) .
S tu d ies  on th e  m etabolism  of d i f f e r e n t  s u b s t r a te s  u s in g  
p a r t i a l l y  p u r i f ie d  P-430’s ,  have su g g ested  th a t  cytochrome P-430 
from c o n tro l r a t s ,  cytochrome P-430 from p h e n o b a rb ito n e - tre a te d  
r a t s ,  and cytochrome P-448 from r a t s  t r e a te d  w ith  3-MC a i’e c a t a l y t i c a l l y  
d i f f e r e n t  e n t i t i e s  (Conney e t  a l ,  1973; Lu e t  a l ,  1973).
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Schenkman _et ^  ( I 969) have proposed th a t  th e  changes 
seen in  microsomal haem oprotein a f t e r  a d m in is tra tio n  o f p o ly c y c lic  
hydrocarbons r e s u l t  from th e  i r r e v e r s ib le  a d d it io n  o f th e  in duc ing  
ag en t o r one o f i t s  m e ta b o lite s  to  th e  type  I  b in d in g  s i t e  o f 
n a tiv e  cytochrome P-430; w hereas, Bidleman & Mannering (I9?0)have 
s tu d ie d  th e  p ro p e r t ie s  o f cytochrome P-448 by the  a d m in is tra t io n  o f 
p h en o b arb ito n e .and 3-MC s im u ltan eo u s ly . They found th a t  th e  
microsomal l e v e l s  of P-430 haem oprotein , and th e  b in d in g  o f h e x o b a rb ita l  
and a n i l in e  were e le v a te d  n e a r ly  to  th e  sum of each o f th e se  m easurements 
o b ta in ed  when th e  inducing  ag en ts  were g iven  s in g ly . M annering (1971) 
and A lvares _et a l  (1971) c o n sid e r th a t  P-448 i s  a  new " a b e rra n t"  
cytochrome o f th e  P-430 ty p e ; w hereas, P e isach  & Blumberg (1970) f in d  
no need fo r  such a h y p o th e s is , p r e f e r r in g  to  th in k  o f P-430 and P-448 
a s  two in te rc o n v e r t ib le  form s o f th e  same cytochrom e. However, perh ap s  
th e  most convincing  evidence a g a in s t  th e  assum ption th a t  cytochrome 
P-448 i s  an i r r e v e r s ib le  complex o f th e  p o ly c y c lic  hydrocarbon o r i t s  
m e ta b o lite (s )  w ith  type I  b in d in g  s i t e  o f n a tiv e  cytochrome P-430 
(Schenkman e t  a l ,  1969) , h as come from s tu d ie s  which employed 
t r i t i a t e d  3-MC and showed th a t  th e  p a r t i a l l y  p u r i f ie d  P-448 co n ta in ed  
no t r i t i a t e d  m a te r ia l  in d ic a t in g  th e  absence of 3-MC and i t s  m e ta b o lite s  
from cytochrome P-430 ( F u j i ta  e t  a l ,  1973).
The w avelengths o f carbon monoxide- and e th y l iso c y a n id e - lig a n d  
a b so rp tio n  s p e c tra  S o re t p eak s , a re  sp e c ie s  v a r ia b le  fo r  b o th  3-MC 
and phenobarb itone induced P-430. For exam ple, in  mice and gu inea  
p ig s -u n lik e  th e  r a t ,  a f t e r  3-MC tre a tm e n t, no c o r r e la t io n  betw een 
peak s h i f t s  in  the  carbon m onoxide-haem oprotein complex s p e c tra  and 
changes in  th e  r a t i o  o f th e  e th y l iso cy an id e  d if fe re n c e  s p e c tra  peaks 
i s  observed (A lvares e t  a l ,  1970).
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1 .1 .6 .  Cytochrome P-430 and Drug M etabolism
In  mammalian system s a la rg e  number o f n o n -p o la r s u b s t r a te s  
a re  h y d roxy la ted  by th e  l i v e r  microsomal f r a c t io n  in  th e  p resence
18 18o f oxygen and NADPH. Experim ents c a r r ie d  ou t w ith  0^ and 0 
have shown th a t  th e  oxygen atom of th e  in c o rp o ra te d  hydroxyl group 
i s  d e riv ed  from m olecular oxygen (Mason 1937 ) • The g e n e ra l
eq u a tio n  fo r  th e  p ro cess  be ing :
R-H + NADPH + H'*' + 0  > R-OH + NADP"^  + H^O
where R-H i s  th e  s u b s t r a te ,  and R-OH, th e  hy d ro x y la ted  p ro d u c t. 
Cytochrome P-430 appears  to  be in vo lved  in  a  la rg e  number o f 
h y d ro x y la tio n  r e a c t io n s  o r mixed fu n c tio n  o x id ase s .
A g e n e ra l scheme h as been developed d u ring  th e  l a s t  few y e a rs  
d e sc r ib in g  th e  in te r a c t io n  o f cytochrome P-430 w ith  i t s  s u b s t r a te s  -  
oxygen and an o rgan ic  compound such a s  a  d rug , s t e r o id ,  e t c . ,  a s  
w e ll a s  w ith  e le c tro n  t r a n s p o r t  c a r r i e r s  n ecessa ry  fo r  i t s  re d u c tio n .
The r e a c t io n  sequence proposed in  F igu re  1.3» (E stab rook  _et a l , 
1973) d e p ic ts  th e  in d iv id u a l  r e a c t io n  s te p s  which may be d e sc rib e d  
a s  fo llo w s:
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Fifflire 1 .3
A proposed scheme fo r  th e  c y c lic  re d u c tio n  and o x id a tio n  
o f cytochrome P-4^0 du rin g  in te r a c t io n  w ith  oxygen and a  s u b s tr a te
SOH
+++ SOHFe
+++
0,2
(1)
+++
Fe
2
(4)
e Fe
+++
0,
Fe++-
(2)
CO
s
hV
(3)
Fe^'*'-
0 ,2
The valence  s t a t e  o f th e  haem iro n  o f  cytochrome P-450 i s  in d ic a te d  
by th e  s u p e r s c r ip t  a s s o c ia te d  w ith  Fe. The s u b s t r a te  to  be 
h y d ro x y la ted  i s  la b e l le d  (S) (From E stabrook  e t  a l ,  1973)»
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(1) The lo w -sp in  form o f cytochrome P-450 (Fe*^^) r e a c t s  w ith
th e  o rgan ic  s u b s tr a te  to  form a h ig h -sp in  f e r r i c  s u b s t r a te  complex 
(F e^ ^ .S ). T his s tag e  i s  accompanied by th e  fo rm ation  o f th e  
d if fe re n c e  s p e c tra .
(2 ) The f e r r i c - s u b s t r a t e  complex (F e^^ .S ) undergoes a  o n e -e le c tro n
+2re d u c tio n  to  a  fe r ro u s  s u b s tr a te  complex (Fe .S ) .  T h is  e le c tro n  
'donation can only  come from NADPH v ia  NADPH-cytochrome c re d u c ta se  
(E stabrook e_b 1971 a .), a  term  synonymous w ith  NADPH-cytochrome 
P-450 re d u c ta se  (M asters e t  aT, 1973)»
4*2(5) The fe r ro u s  s u b s tr a te  complex (Fe .S ) can r e a c t  w ith  carbon
■ +2 ■monoxide to  form the  f a m il ia r  carbon monoxide complex (Fe .CO), 
o r th e  fe r ro u s  s u b s tr a te  complex r e a c t s  w ith  oxygen to  form a  complex 
o f th e  haem i ro n ,  oxygen, and th e  s u b s t r a te  (Fe’^ ^ .O ^.S ). T his 
complex has been term ed oxycytochrome P-450 (E stabrook e t  a l ,  1973)* 
However, th e  b in d in g  o f a  s u b s tr a te  to  th e  fe r ro u s  cytochrome i s  
p robab ly  n o t a  p r e - r e q u is i te  fo r  th e  com bination o f carbon monoxide 
w ith  th e  reduced  cytochrom e.
(4) The oxycytochrome P-450, then  i n t e r a c t s  w ith  an e le c t r o n  t r a n s f e r  
component to  undergo a  second s tag e  o f re d u c tio n , form ing a n o th e r 
in te rm e d ia te . T his in te rm e d ia te  has been lin k e d  w ith  th e  fo rm atio n  
o f a  d i s t i n c t  s p e c t r a l  s p e c ie s , which e x h ib i ts  a b so rp tio n  maxima a t  
about 440 and 490 nm in  th e  d if fe re n c e  spectrum  and i s  su g g ested  to
be a s s o c ia te d  w ith  an oxygenated form of reduced  cytochrome P-430 
2 ‘(Fe^^.SëO ) (E stabrook e t  a l ,  1971).
The c h a r a c te r i s t i c s  o f th e  440 nm in te rm e d ia te  has been p a r t i a l l y  
c h a ra c te r iz e d  (E stabrook e t  a l ,  1971 b; H ild eb ran d t & E stab ro o k , 1971;
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I l l i n g  ^  ^ , 1 9 7 4 ) .
The e le c tro n  t r a n s f e r  a t  t h i s  s ta g e  i s  b e lie v e d  to  flow  e i th e r  
v ia  cytochrom b^ or th rough  P-450 re d u c ta se  (Baron e_t a l ,  1973; 
E stabrook _et 1971a; H ild eb ran d t & E stab rook , 1971; Sasame 
e t  a l ,  1973).
(5) The cy c le  o f cytochrome P-450 re d u c tio n  i s  com pleted by in s e r t io n  
o f one atom o f oxygen in to  th e  o rgan ic  s u b s tr a te  concom itant w ith  
th e  fo rm ation  o f w a te r .
The h y d ro xy la ted  p roduct may th e n , be re le a s e d  re tu rn in g  th e  
P-450 to  i t s  o r ig in a l  s t a t e .
NADPH-Cytochrome P-450 R eductase
The a d d it io n  o f a  source o f red u c in g  e q u iv a le n ts , n o ta b ly  
NADPH, to  l i v e r  microsomes suspended in  a  medium th a t  i s  s u i ta b ly  
f o r t i f i e d  w ith  a NADPH re g e n e ra tin g  system  a s  w ell a s  s u b s t r a te  
r e s u l t s  in  th e  re d u c tio n  o f P-450. T h is  i s  most r e a d i ly  
a s c e r ta in e d  i f  th e  r e a c t io n  medium i s  an ae ro b ic  and c o n ta in s  
carbon monoxide (E stabrook  e t  a l ,  1971 a ) .
The measurement o f th e  a c t i v i t y  o f NADPH-cytochrome P-450 
re d u c ta se  i s  based on th e  knowledge th a t  carbon monoxide form s a 
complex w ith  reduced , b u t no t w ith  o x id iz e d , cytochrome P-450 
which g iv es  a . 450 nm peak . A suspension  o f  o x id ized  microsomes 
i s  s a tu ra te d  w ith  oxygen-free  carbon monoxide in  a  c u v e tte  under 
an aero b ic  c o n d itio n s . A NADPH or NADPH-generating system  i s  
in tro d u ced  and mixed very  r a p id ly  and th e  absorbance o f th e  '
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reduced  cytochrome P-450-C0 complex a t  4^0 nm i s  reco rd ed  
(Gigon a t  I 969) .  The r a t e  o f cytochrome P-450 re d u c tio n  i s  
co n sid e red  to  be b ip h a s ic .  The f i r s t  phase i s  very  ra p id  and 
ap p ea rs  to  be com pleted w ith in  3 o r 4 seconds. The second phase 
comes in to  prominence im m ediately  a f te rw a rd s , a t  which time about 
h a l f  o f th e  cytochrome has been reduced . T his slow er r a t e  o f 
re d u c tio n  co n tinue  l i n e a r ly  over th e  n ex t 50  o r 60 seconds.
I t  i s  o f co n s id e rab le  i n t e r e s t  th a t  th e  t 5p)e I  b in d in g  compounds 
s tim u la te  NADPH-cytochrome P-450 re d u c ta se  a c t i v i t y ,  w hereas, ty p e  I I  
b in d in g  compounds e i th e r  i n h ib i t  o r have no e f f e c t  on i t  (Gigon a t  a l ,  
1968;1969; G i l l e t t e  & Gram, I 969) .  On th e  o th e r  hand, s u b s t r a te s  
cau sin g  type PI change, show no p ro p e n s ity  tow ards s t im u la t io n  o f  
m icrosom al e le c tro n  t r a n s p o r t  (O rren iu s  e t  a l ,  1971)? o r th ey  
a c tu a l ly ,  decrease  th e  r a t e  o f re d u c tio n  (Schenloian e t  a l ,  1973).
In  c o n tr a s t ,  th e  a c t i v i t y  o f NADPH-cytochrome c re d u c ta se  i s  n o t 
a f fe c te d  by e i th e r  type I  o r type I I  b in d in g  compounds.
Cytochrome P-450 re d u c ta se  has been co n sid ered  by some w orkers 
to  be th e  r a t e  l im i t in g  s te p ,  s in ce  th e  r a t e  o f drug m etabolism , may 
be in  c e r ta in  c ircum stances more c lo s e ly  r e l a t e d  to  th e  r a t e  o f 
cytochrome P-450 re d u c tio n  th an  to  th e  t o t a l  amount o f P-450 o r to  
th e  r a t e  o f cytochrome c re d u c tio n  (D ieh l e t  a l ,  1970; G i l l e t t e  &
Gram, I 969) .  However, t h i s  id ea  i s  n o t supported  by th e  work o f 
Archakov a t  a l ,  (1974) who found no c o r r e la t io n  between th e  e f f e c t  
o f a n i l in e  o r am in o -an tip y rin e  d e r iv a t iv e s  on th e  r a t e s  o f re d u c tio n  
o f cytochrome P-450 and th e  r a t e  o f o x id a tio n  o f th e se  s u b s t r a te s .
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1 .1 .y. H ydrophobiclty  and Cytochrome P-450
S ince , w ith  few e x ce p tio n s , drugs p o sse ss in g  h ig h  s o lu b i l i t y  
in  l i p i d  s o lv e n ts  a re  h y d ro x y la ted  by th e  m icrosomal system , i t  
h a s  been assumed th a t  th e  a c t iv e  a re a  o f cytochrome P-450 i s  in  
c o n ta c t w ith , o r b u rie d  in ,  a  h ig h ly  hydrophobic p a r t  o f P-450 
p ro te in  or o f th e  l i p i d s  o f th e  m icrosom al membrane (im ai & S a to ,
1967 b ) .  F urtherm ore, tre a tm e n t o f microsomes w ith  p hospho lipase  
C has  been claim ed to  d e s tro y  th e  type I  b in d in g  s i t e  b u t does n o t 
decrease  type I I  b in d in g  which in d ic a te s  th a t  th e  type  I  b in d in g  
s i t e  i s  c lo s e ly  a s s o c ia te d  w ith  membrane p h o sp h o lip id s  (C haplin  
& M annering, 1970). The s p e c t r a l  p r o p e r t ie s  o f cytochrome P-450 
may th u s  be a sc r ib e d  to  a  hydrophobic in te r a c t io n  o f  th e  haem w ith  
some components s i tu a te d  nearby  (im ai & S a to , I 967 b ) . I f  t h i s  i s  
th e  c ase , th en  a p o s s ib le  c o r r e la t io n  between the  b in d in g  a f f i n i t i e s  
and l i p i d  s o lu b i l i t y  would be expec ted . ~
Jansson _et ^  (1972) u s in g  a s e r i e s  o f b a r b i tu r i c  a c id  d e r iv a t iv e s  
found th a t  a l l  th e  b a r b i tu r a te s  s tu d ie d  gave r i s e  to  a  type  I  s p e c t r a l  
change, b u t th ey  found no l in e a r  c o r r e la t io n  between th e  p a r t i t i o n  
c o e f f ic ie n t  and r a t e s  o f m etabolism , a lth o u g h  th e re  was an in d ic a t io n  
th a t  th e  more l ip id - s o lu b le  b a r b i tu r a te s  undergo more ra p id  o x id a tio n  
th an  do th o se  which a re  l e s s  l ip id - s o lu b le .  Moreover, on ly  a  weak 
c o r r e la t io n  was observed between th e  p a r t i t i o n  c o e f f ic ie n t s  and th e  
b in d in g  a f f i n i t i e s .  Pelkonen & K arki (1973) have re p o r te d  th a t  th e  
in d u c tio n  a b i l i t y  o f b a r b i tu r i c  a c id  d e r iv a tiv e s 'w a s  in v e r s e ly  
c o r r e la te d  to  l i p i d  s o l u b i l i t y ,  w ith  th e  ex cep tio n  o f b a r b i t a l ,  
a l l o b a r b i t a l  and a p ro b a rb i ta l .  They ex p la in ed  th e i r  r e s u l t s  a cc o rd in g  
to  th e  id e a  th a t  th e  more l ip id - s O lu b le  th e  b a r b i tu r a t e , th e  f a s t e r  
i t  i s  e lim in a te d  and th e  l e s s  i t  can induce drug m etabolism .
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F urtherm ore , s tu d ie s  c a r r ie d  out by Kitagawa a t  ^  (1972) in d ic a te d  
th a t  th e  r a te s  o f  N -dem ethylation  o f  s e v e ra l  s e r ie s  o f  
p - s u b s t i tu te d  dim ethyl a n i l in e  were dependent upon t h e i r  l i p i d  
s o l u b i l i t i e s ;  th e  more l ip id - s o lu b le  th e  amine was, th e  more 
r e a d i ly  i t  was dem ethy lated . A lso , th e  p - s u b s t i tu te d  d im ethy l 
a n i l in e s  o f  h igh  l i p i d  s o l u b i l i t i e s  re v e a le d  sm all and 
v a lu e s , whereas th o se  o f  low l i p i d  s o l u b i l i t i e s  e x h ib ite d  la rg e  
and v a lu e s . However, o th e r  c o n f l ic t in g  re p o r ts  have 
appeared  which d e sc rib e  c o r r e la t io n  (M artin  & Hansch, 1971) and 
la c k  o f  c o r r e la t io n  (Mazel ^  a l ,  I 966 ) between l i p i d  s o lu b i l i t y  
and m icrosom al m etabolism  o f varous d rugs.
P a r t i t io n  C o e f f ic ie n t and Hydrophobic ■ Bonding
The p a r t i t i o n  c o e f f ic ie n t  can be d e fin ed  as th e  r a t i o  o f 
c o n c e n tra tio n s  o f  a s o lu te  d i s t r ib u te d  between two im m iscib le  
s o lv e n ts , I t  i s  *&ependent on th e  r e l a t i v e  volumes o f  th e  s o lu t io n s  
used (Leo a t  aT, 1971). '
The term  "hydrophobic bonding" i s  d e fin ed  as th e  tendency  o f  
n o n -p o la r g ro u p in g s , p a r t i c u la r ly  hyd rocarbons, to  adhere  to g e th e r  
in  aqueous s o lu tio n  (Kauzmann, 1959), and i t s  o f te n .u s e d  to  d e sc r ib e  
th e  free -e n e rg y  changes in v o lved  in  th e  movement o f  a  drug from th e  
aqueous phase to  th e  b io p h ase . However, th e re  i s  a c o n s id e ra b le  
co n tro v e rsy  over e x a c tly  what one means by such a te rm  (H ildebrand ,
1968) .
Two extrem es can be co n sid e red  in  choosing a so lv e n t system  as 
a model fo r  m irro r in g  hydrophobic e f f e c t s  in  b io chem ica l sy stem s; 
e i t h e r  to  s e le c t  a hydrocarbon so lv e n t such as hep tane  in  which th e r e  
would be very  l i t t l e  in te r a c t io n  between s o lu te  and s o lv e n t ,  o r to  use
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a so lv e n t which m ight he more l ik e  th e V liv in g  h io p h ase . A d if f e r e n c e  
in  th e  f r e e  energy has been re p o r te d  by changing so lv e n t system s, 
which was found to  depend on th e  m olecule be ing  p a r t i t io n e d  . For 
exam ple, p a r t i t io n in g  a p o la r  m olecule such as a lco h o l betw een hep tane  
and w ater o r between o c tan o l and w ater would be q u ite  d i f f e r e n t  
(Hansch & Dunn, 1972).
S o lven t system s used by d i f f e r e n t  w orkers in c lu d in g  aqueous 
s o lu t io n s  (u su a lly  b u ffe r  system s) and o th e r  le s s  p o la r  compounds 
such as CCl^, CHCl^s is o b u ty l a lc o h o l , o i l  and many o th e r  system s 
have been review ed (Hansch, 1971; Deo e t  a t ,  1971).
C o llander (1951) has shown th e  e x is te n c e  o f  a r e la t io n s h ip  
between sim ple so lv en t p a i r s ,  and em phasized th a t  i f  p a r t i t i o n  
c o e f f ic ie n ts  a re  to  be used in  s t r u c tu r e - a c t iv i t y  c o r r e l a t io n s ,  th e n  
th e  fo llo w in g  eq u ation  must h o ld , a t  l e a s t  fo r  so lv e n t p a i r s  which 
a re  n o t to o  d i f f e r e n t ;
lo g  = a lo g  + b
where a and b a re  c o n s ta n ts  and P & P^ a re  p a r t i t i o n  c o e f f ic ie n t s
-L d
fo r  a g iven  drug in  two d i f f e r e n t  so lv e n t p a i r s .
In  s t r u c tu r e - a c t iv i t y  com parisons, lo g a rith m ic  v a lu es  o f  p a r t i t i o n  
c o e f f ic ie n ts  a re  used by many w orkers r a th e r  th an  th e  a b so lu te  v a lu e s  
o f  th e  p a r t i t i o n  c o e f f ic ie n t s ,  because a l i n e a r  r e la t io n s h ip  i s  so 
o f te n  observed  in  o rg an ic  chem istry  betw een lo g a rith m s o f  r a t e  and 
e q u ilib r iu m  c o n s ta n ts  (Hammett, 1970; L e f f le r  & Grunwald, 19&3).
The e f f e c t  o f  tem p era tu re  on th e  p a r t i t i o n  c o e f f ic ie n t  i s  n o t 
g re a t i f  so lv en ts  a re  no t v e ry  m isc ib le  w ith  each o th e r  (Leo e;t a l ,
1971 ) .  Using o c ta n o l/w a te r  system , th e  v a r ia t io n  in  te m p e ra tu re  from
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4 to  22° produced e i th e r  no change in  p a r t i t i o n  c o e f f ic ie n t  in  th e  
case  o f  o c tan o ic  a c id , o r a change which may be p o s i t iv e  o r 
n e g a tiv e  (depending on th e  compound used) and i t  i s  u s u a lly  o f  th e  
o rd e r o f  0 .01  lo g  u n i t /d e g . However, in s u f f i c i e n t  d a ta  p re v e n ts  
any a ttem p t o f a u s e fu l g e n e r a l iz a t io n .
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1 .2 .  FLUORESCENCE STUDIES
1 .2 .1 .  G eneral A spects
The und ers tan d in g  o f th e  n a tu re  and th e  req u irem en ts  o f  ty p e  I ,  
ty p e  I I  and ty p e  RI b in d in g  s i t e s  o f  cytochrome P-450, has been on ly  
co n sid e red  in  th e  d if fe re n c e  s p e c tra  te c h n iq u e . I t  i s  ap p aren t th a t  
d i f f e r e n t  te c h n iq u e s , such as f lu o re sc en c e  and f lu o re s c e n t  p ro b e s , 
a re  n ecessa ry  i f  we a re  to  f u l l y  c h a ra c te r iz e  th o se  b in d in g  s i t e s .
F luo rescence  s tan d s  out among th e  o p t ic a l  te ch n iq u es  used  to  
in v e s t ig a te  m acrom olecules, in  th a t  th e  l i f e  tim e o f  th e  e x c ite d  
s t a t e  i s  s u f f i c i e n t ly  long  fo r  a v a r ie ty  o f  chem ical and p h y s ic a l 
in te r a c t io n s  to  ta k e  p lace  p r io r  to  em ission . These in c lu d e  
r o t a t io n a l  m otion , so lv en t r e o r ie n ta t io n ,  complex fo rm a tio n , p ro to n  
t r a n s f e r ,  and t r a n s f e r  o f  th e  e x c ite d  s t a t e  energy to  an o th er 
chromophore. F luorescence  e x c i ta t io n  and em ission  s p e c t r a ,  
flu o re sc en c e  p o la r iz a t io n ,  quantum y ie ld s ,  and decay tim es  p ro v id e  
in fo rm atio n  about th e se  p ro cesses  and th e re b y  about th e  m icroenvironm ent 
o f  th e  chromophores (Brand & Gohlke, 1972).
. Changes in  s o lv e n ts ,  pH, c o n c e n tra tio n , and tem p e ra tu re  f r e q u e n t ly
/V
b rin g  about s ig n i f ic a n t  a l t e r a t io n s  in  f lu o re sc en c e  s p e c tra  which le n d  
in s ig h t  in to  th e  in flu en c e  o f  s u b s t i tu te d  groups in  m o lecu le s , b a s e -a c id  
e q u i l i b r i a ,  hydrogen-bonding, and th e  n a tu re  o f th e  e x c ite d  s t a t e .  An 
exam ination  o f  th e se  e f f e c t s  i s  a lso  v e ry  im p o rtan t because  o f  th e  
in c re a s in g  use o f  flu o rescen ce  sp ec tro sco p y  in  s t r u c tu r a l  s tu d ie s ,  and 
in  a n a ly t ic a l  assay  p ro ced u res .
I f  a beam o f  l i g h t  p asses  th rough  a s o lu t io n ,  i t s  energy  may
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reap p ea r in  a number o f  form s, bu t some o f  th e  l i g h t  w i l l  g e n e ra lly  
be absorbed a t  d e f in i te  f ix e d  f re q u e n c ie s , s in ce  th e  frequency  o f 
l i g h t  absorbed i s  c h a r a c te r i s t i c  o f  th e  m olecule in v o lv ed . On 
a b so rp tio n  o f  l i g h t ,  th e  m olecule w i l l  be r a i s e d  to  a p a r t i c u l a r  
v ib r a t io n a l  l e v e l  o f  one o f  th e  h ig h e r e le c tro n ic  energy l e v e l s .
Most complex m olecules very  ra p id ly  drop back to  th e  low est 
v ib r a t io n a l  le v e l  o f th e  - f i r s t  e x c ite d  l e v e l ,  and from th e r e  to  
th e  o r ig in a l  ground energy s t a t e  w ith  th e  em ission  o f  fluo rescence,"  
However, no t a l l  th e  m olecules be ing  i r r a d i a t e d ,  w i l l  re -e m it t h e i r  
absorbed  energy as f lu o re sc e n c e . The quantum y ie ld  (Q) o f  f lu o re sc e n c e  
i s  th e re fo re  d e fin ed  as th e  f r a c t io n  o f  l i g h t  absorbed  t h a t  i s  
re -e m itte d :
. r\ -  number o f  quanta  re -e m itte d  
number o f  quanta  absorbed
P ro te in s  have been d iv id ed  in to  two c la s s e s  acco rd in g  to  t h e i r  
n a t iv e  flu o re sc en c e  (Weber, I 96O): C lass A p ro te in s  c o n ta in in g
p h en y la lan in e  and ty ro s in e  b u t no try p to p h a n . In  th e s e  p r o te in s ,  
p h en y la lan in e  flu o rescen ce  i s  ab sen t due to  i t s  weak l i g h t  a b s o rp tio n , 
and th e  f lu o re sc en c e  spectrum  i s  c h a r a c te r i s t i c  o f ty ro s in e  w ith  an 
em ission  maximum a t  303 nm. C lass B p ro te in s  c o n ta in in g  try p to p h a n  
as w e ll as ty r o s in e .  In  a l l  th e se  p ro te in s  th e  f lu o re sc e n c e  o f  
try p to p h an  dom inates th e  em ission  spectrum  (T ea le , I 960 ) .
The b in d in g  o f  a compound to  a p ro te in  may cause changes in  one 
o r more o f  th e  fo llow ing  p a ram ete rs ;
(a ) The f lu o re sc en c e  in te n s i ty  o f  th e  p ro te in  (u s u a lly  quenched).
(b) The flu o resc en c e  in te n s i ty  o f a probe m o lecu le , which may o r  may 
no t be a d rug , a tta c h e d  to  a p r o te in .
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(c) The f lu o resc en c e  p o la r iz a t io n .
When any o r a l l  o f  th e se  changes accompanies drug b in d in g  to  th e  
p ro te in ,  th e n  flu o rescen ce  spec tro sco p y  can be used to  s tu d y  th e  
in te r a c t io n .
1 .2 .2 .  F luorescence  Quenching
F luo rescence  quenching can be d e fin ed  as re d u c tio n  o f  th e  
quantum y ie ld ,  and may be due to  e i th e r  " s t a t i c "  o r "dynamic" 
mechanisms. A s t a t i c  quencher a c ts  upon th e  flu o ro p h o re s  in  th e  
ground s t a t e ,  w hile  a dynamic quencher in t e r a c t s  in  th e  e x c ite d  
s t a t e .  In  bo th  cases  t h e i r  e f f e c t  i s  to  reduce th e  l i g h t  r e -e m it te d .
However, a lthough  t h i s  tech n iq u e  has been w idely  used  w ith  
d i f f e r e n t  p ro te in  m olecules (A tta l la h  & L a ta , I 968 ; C h ig n e ll , 19T0a; 
D an iel & Weber, I 966 ; Honikel & Madsen, 1973; Specto r & John , I 968 ) ,  
i t  has no t been used as such w ith  th e  m icrosom al p r o te in s .
1 .2 .3 .  F lu o resc en t Probes
Most p ro te in s  co n ta in  th e  arom atic  amino a c id s  try p to p h an  and 
ty r o s in e ,  and th e y  w i l l  f lu o re sc e  when e x c ite d  by u l t r a v i o l e t  l i g h t .  
This i n t r i n s i c  flu o rescen ce  may change in  i n t e n s i t y ,  p o la r i z a t io n ,  o r 
w avelength w ith  changes in  p ro te in  s t r u c tu r e  th a t  may r e s u l t  from  th e  
in te r a c t io n  w ith  sm all m olecules o r  w ith  o th e r  p r o te in s .  Because th e  
number and lo c a t io n  o f  try p to p h an  and ty ro s in e  re s id u e s  w ith in  th e  
fo ld e d  p o ly p ep tid e  chain  a re  u s u a lly  unknown (Edelman & M cClure, 1 9 6 8 ), 
and th e  f lu o re sc en c e  o f th e se  re s id u e s  depends upon a g re a t  number o f  
p a ram ete rs ; a ttem p ts  have been made to  use  f lu o re s c e n t  compounds o f  
known p ro p e r t ie s  as in d ic a to r s  o r p robes o f  p ro te in  s t r u c tu r e .
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In  19685 Edelman & McClure have d e fin e d  th e  f lu o re s c e n t  
probes as sm all m olecules which undergo changes in  one o r more o f 
t h e i r  f lu o re s c e n t  p ro p e r t ie s  as a r e s u l t  o f  noncovalen t in te r a c t io n  
w ith  a p ro te in  o r o th e r  m acrom olecule. F lu o re sc en t p robes a re  
s im ila r  to  a d so rp tio n  in d ic a to r s  and t h e i r  in te r a c t io n  w ith  p ro te in s  
may be d e sc rib e d  in  term s o f  s to ic h io m e try  and a f f i n i t y  o f b in d in g .
The most w idely  used f lu o re s c e n t  probe i s  ANS ( l - a n i l i n e - 8-  
naph thalene  su lp h o n a te ) . I t  has a quantum y ie ld  o f  0 .004 in  aqueous 
s o lu t io n  and an em ission  maximum a t  515 nm. The f lu o re sc e n c e  
c h a r a c te r i s t i c s  o f  ANS d isso lv e d  in  v a r io u s  so lv e n ts  v a ry  m arkedly 
w ith  v a r ia t io n s  in  th e  so lv en t p o la r i ty  (S try e r ,  I 965 ) . The 
f lu o re sc en c e  o f  ANS i s  g r e a t ly  enhanced by th e  p resence  o f a v a r ie ty  
o f  p ro te in s  and m acrom olecules (A loj e t  a l ,  1973; Freedman & Radda, 
1969 ; Kono e t  a l ,  1970; Mercado & Rosado, 1973; N akatani e t  a l ,  1974; 
Sudlow ^  a l ,  1973) . In  g e n e ra l, th e  t r a n s f e r  o f  th e  f lu o r e s c e n t  
probe from p o la r  to  no n -p o la r so lv e n ts  r e s u l t s  in  a  b lu e  s h i f t  in  
th e  flu o re sc en c e  em ission maximum. In  c o n tra s t  to  th e  la r g e  so lv e n t 
e f f e c t s  on th e  f lu o re sc en c e  o f such compounds, th e  a b so rp tio n  shows 
on ly  a sm all dependence on so lv en t p o l a r i t y .  The e f f e c t  o f  so lv e n t 
environm ent on th e  flu o resc en c e  o f th e  p ro b e s , l i k e  ANS, ap p eared  to  
be s tro n g ly  in f lu e n c e d  by so lv en t r e o r ie n ta t io n  during  th e  l i f e  tim e 
o f  th e  e x c ite d  s t a t e ,  such t h a t ,  i f  th e  d ip o le  moment o f  th e  e x c i te d  
s t a t e  i s  g re a te r  th a n  th e  d ip o le  moment o f  th e  ground s t a t e ,  s o lv e n t 
m olecules can " re la x "  around th e  e x c ite d  s t a t e  p r io r  to  em iss io n .
This w i l l  te n d  to  low er th e  energy o f  th e  e x c ite d  s t a t e  r e s u l t i n g  in  
a re d  s h i f t  in  th e  flu o rescen ce  em issio n . The r e la x a t io n  p ro c e ss  in  
tu rn  depends on th e  e x c ite d  s ta t e  d ip o le  moment o f  th e  p ro b e , th e  
d ip o le  moment o f  th e  s o lv e n t , and th e  m o b ili ty  o f  th e  s o lv e n t (Brand &
k l
Gohlke, 1972) . '
In  a d d itio n  to  th e  use o f  ANS as a  f lu o re s c e n t probe fo r  
hydrophobic re g io n s , o th e r  compounds o f  b io lo g ic a l  im portance , such 
a s ,  t e t r a c y c l in e s  (Popov e t  a l ,  1971, 1972), Kynurenine (C hurch ich ,
1972 ) and b i l i r u b in  (K rasner, 1973) were used . However, few s tu d ie s  
have appeared  u sin g  f lu o re s c e n t probes to  in v e s t ig a te  m icrosom al 
s i t e s  o f drug in te r a c t io n s  (Cohen & M annering, 1973; Di A ugustine 
e t  1970 ; E lin g  & Di A ugustine, 1971; Hawkins & Freedman, 1973).
The f lu o re sc en c e  o f ANS i s  g r e a t ly  enhanced by th e  in te r a c t io n  w ith  
th e  m icrosom al suspension  accompanied by a hypsochromic s h i f t  in  
th e  em ission  peak.
P re trea tm e n t o f th e  r a t s  w ith  e i th e r  phenobarb itone  o r 3-MC, o r 
th e  re d u c tio n  o f  microsomes w ith  sodium d i t  h i o n ite  o r NADPH d id  no t 
a f f e c t  th e  in te n s i ty  o f  f lu o resc en c e  p e r mg o f  m icrosom al p ro te in  
(Di A ugustine e t  a l ,  1970); w hereas, ph o sp h o lip ases  C o r D m arkedly 
d ecreased  ANS-microsome flu o re sc e n c e . W hilst t r y p s in - t r e a te d  
microsomes d id  no t e x h ib it  type  I  o r ty p e  I I  d if f e re n c e  s p e c t r a ,  
th e  f lu o re sc en c e  p ro p e r t ie s  o f ANS bound to  t r y p s in - t r e a te d  microsomes 
was th e  same as t h a t  o b ta in ed  w ith  c o n tro l  m icrosom es. N e ith e r  th e  
em ission  spectrum  nor th e  fluo rescen t-en h an cem en t f a c to r  o f  ANS was 
a l t e r e d  (E lin g  & Di A ugustine , 1971). The b in d in g  o f  ANS w ith  
m icrosom al suspensions was assumed to  be due to  th e  in t e r a c t io n  w ith  
p h o sp h o lip id s  (Di A ugustine e t  a l ,  1970; E lin g  & Di A u g u stin e , 1971) o r  to  
th e  hydrophobic reg io n s  in  th e  p ro te in  (Cohen & M annering, 1973).
Only ANS has been used as a f lu o re s c e n t  probe fo r  h e p a tic  m icrosom al 
P -450 . No s u i ta b le  ty p es  I I  o r RI f lu o re s c e n t  probes have been 
d e sc rib e d .
CHAPTER TWO
MATERIALS AITD METHODS
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2 .1 . MATERIALS
2 .1 .1 .  Chemicals
NADP was purchased  from P-L B iochem icals In c . (A gents: I n te r n a t io n a l
Enzyme L td . ) ;  NADPH was o b ta in ed  from BDH Chemicals L td . ,  P oo le ; 
g lu co se-6 -p h o sp h a te  from In te r n a t io n a l  Enzyme L t d . ; and g lu co se -6 -p h o sp h a te  
dehydrogenase from B oehringer C o rp o ra tio n .
M ethylcyclohexane, O c ta n - l-o l ,  t e t r a l i n  ( te tra h y d ro n a p h th a le n e ) , 
n -b u ty lb en zen e , m e th y l-n -b u ty ra te , o c tan o ic  a c id , d iphenylm ethane, p ro p io n ic  
a c id , n-nonanoic a c id , n -b u ty r ic  a c id ,  n -decano ic  a c id , l a u r i c  a c id ,  m y r is t ic  
a c id , n ic o tin a m id e , b ip h e n y l, a n i l in e ,  iso -p ro p y lb en zen e , t e r t . -b u ty lb e n z e n e , 
4 ,4 ’- d ip y r id y l ,  cyclohexylam ine, e th y lb en zen e , to lu e n e , n-hexane (sp e c tro sc o p ic  
g ra d e ) , and sodium phenobarb itone  were o b ta in ed  from BDH Chem icals L td . ,  P o o le . 
E th y lcy c lo h ex an e , 1-phenylhexane, n -b u ty lcy c lo h ex an e , N -m e th y lp ip e rid in e ,
4 -m e th y lp ip e rid in e , d ic y c lo h ex y l, cyclohexy lbenzene, and p - n i t r o a n is o le  
were purchased  from Ralph N Emanuel L t d . , Wembley.
Undecanoic a c id , cap ro ic  a c id  m ethyl e s t e r ,  la u r ic  a c id  m ethyl e s t e r ,
2 -n a p h th o l, 2-naphthylam ine (Grade I ) ,  7 ,12 -d im eth y lb en zan th racen e , 
b en zo (a)p y ren e , and 3 -m e th y l-ch o lan th ren e  were su p p lie d  by Sigma Chem ical 
Co. L td . P erhydrof lu o r ene and 5“am ino iso q u in o lin e  were o b ta in e d  from 
A ld rich  Chemical C o ., M ilwaukee, W isconsin , U.S.A. 1-N aphthol was 
purchased  from Hopkin & W illiam s L t d . , Chadwell H eath, E ssex .
N aphthalene and p -n itro p h e n o l were su p p lie d  by Koch & L ig h t Labs. L td . ,  
Colnbrook, Bucks;, and phenanthrene from L. L ig h t and Co. L td .
ANS ( l-a n il in o -8 -n a p h th a le n e  su lp h o n a te , ammonium s a l t ) ,  R ac e m ic (± )w arfa rin , 
and b en z id in e  were purchased  from Sigma Chemical Co. L td . The isom ers
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R(+) and S (-)  w a rfa r in s  were k in d ly  donated  by Dr. A. B reckenridge 
(Royal P o stg rad u a te  M edical S chool, Hammersmith).
a -D eu te ra te d  p - n i t r o a n is o le  was th e  generous g i f t  o f  Dr. F. J .  W olf,
Merck, Sharp & Dohme (New J e r s e y ,  U .S .A .). n -B uty lcarbam ate 
(Kodak L td . ,  K irby) and benzylcarbam ate (A ld rich  Chemical Co.) were used 
w ith o u t fu r th e r  p u r i f i c a t io n ,  t e r t .-P e n ty l  ( 2 ,2 '-d im e th y lp ro p y l, m .p. 8 0 ° ), 
n -p e n ty l (m.p. 5 3 -5 4 °), t e r t .-h e x y l ( 3 ,3 '-d im e th y lb u ty l, m .p. 5 5 -5 6 °), 
n -h ex y l (m.p. 5 9 °) , n -h e p ty l (m.p. 62° ) ,  n -o c ty l  (m.p. 6 7 ° ) , n -d e c y l 
(m.p. 69° )  carbam ates were sy n th e s iz ed  by th e  chem istry  d iv is io n  o f  th e  
Chemical Defence E s tab lish m en t.
The p u r i ty  o f  th e  carbam ates was checked by In f ra r e d  sp ec tro sco p y .
N aphthalene (m.p. 8 0 °) , and b ip h en y l (m.p. 70°) were tw ice  
r e c r y s t a l l i z e d  from e th a n o l. 2-N aphthol was th r i c e  r e c r y s t a l l i z e d  from 
aqueous a lc o h o l, m .p. 93-95°. The fo llo w in g  compounds were r e d i s t i l l e d  
a t  t h e i r  b o il in g  p o in ts :  benzene, 78-79°; cyclohexylbenzene, 235” 236°;
diphenylm ethane, 262-263°; d icy c lo h ex y l, 235~237°; e th y lb en zen e ,
133- 135° ;  cyclohexane, 8 l° ;  to lu e n e , 110°; d e k a lin  (d ecah y d ro n ap h th a len e), 
188- 190° ;  a n i l in e ,  l8 4 ° ;  and hexanoic a c id , 205° .
Carbon monoxide was o b ta in ed  from th e  B r i t i s h  Oxygen Company L td . ,  
Crawley, Sussex.
Phosphate b u ffe rs  were p rep a red  as d e sc rib e d  in  "Data fo r  B iochem ical 
R e s e a r c h " T '
A ll o th e r  chem icals used were e i th e r  g e n e ra l or a n a ly t i c a l  grade 
and were used as su p p lie d .
p -N itro q h en e to le  (p -n it ro p h e n y le th y le th e r ) was p rep a red  by th e  method 
o f  Branch & Jones (1955).
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To th e  p -n itro p h e n o l (0 .2  mole) in  cyclohexanone, 1 .6  mole o f  anhydrous 
po tassium  carbonate  and 0 .25  mole o f  e th y l  io d id e  were a d d e d .. The s o lu t io n  
was re f lu x e d  fo r  2 .5  h o u rs . The sedim ent was f i l t e r e d  o f f  and washed 
th re e  tim es w ith  15 ml a l iq u o ts  o f a ce to n e . The eyelohexanone and acetone  
were removed by d i s t i l l a t i o n ,  and th e  re s id u e  d i lu te d  w ith  w ater and 
e x tra c te d  w ith  e th e r .  The e th e r  e x t r a c t  was washed su c c e ss iv e ly  w ith
sodium hydroxide s o lu tio n  (O .IN ), w a te r , su lp h u ric  a c id  (O .IN ), and again
/
w ith  w ater u n t i l  th e  aqueous la y e r  was a c id - f r e e .  The s o lu t io n  was d r ie d  
u s in g  anhydrous sodium s u lp h a te , and th e  f i l t r a t e  d i s t i l l e d  to  remove 
e th e r .  The o i ly  p roduct was d i lu te d  w ith  w ater and c r y s ta l l i z e d  from 
e th a n o l , m .p. 57-59° (re p o r te d  59°, Branch & Jo n es , 1955 ). 
g -D eu te ra ted  p -n itro p h e n e to le  was p rep ared  in  th e  same way as in  
p -n i t ro p h e n e to le , excep t th a t  CH^CD^I (S to h le r  Iso to p e  C hem icals, 
S w itze rlan d ) was used  as an a lk y la t in g  ag en t.
The NMR spectrum  was m easured fo r  p -n itro p h e n e to le  and i t s  d e u te ra te d  
analogue. (NMR spectrum  o f p -n itro p h e n e to le  showed a q u ad ra te  a t  
Ô 4.13  ppm and t r i p l e t  a t  6 1 .46  ppm. The quadra te  in  th e  NMR d isap p ea red  
when d e u te ra te d  p -n itro p h e n e to le  was u sed , and a s in g le t  a t  6 1 .46  
ppm was found).
p -N itro p h e n y liso p ro p y le th e r  and p -n it ro p h e n y lb u ty le th e r  were 
p rep ared  by th e  g e n e ra l method o f  A llen  & G ates (1955).
A m ix tu re  o f p -n itro p h e n o l (0 .2  m o le), anhydrous po tassium  c a rb o n a te  
(0 .2  m o le), 200 ml o f dry a ce to n e , and th e  a p p ro p r ia te  a lk y l  h a l id e  .
(0 .22  mole) were mixed in  a o n e - l i t r e  round-bottom ed f la s k  and re f lu x e d  
on a steam b a th  fo r  48 h o u rs . The acetone  was d i s t i l l e d  from  th e  m ix tu re , 
and 200 ml o f  w ater added to  th e  r e s id u e . The re s id u e  was th e n  e x tra c te d  
w ith  two 100 ml o f  benzene, and th e  combined benzene e x t r a c ts  washed w ith  
th re e  100 ml p o r tio n s  o f  10^ sodium hy d ro x id e . The benzene was removed 
by d i s t i l l a t i o n .
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p -N itro p h e n y liso p ro p y le th e r was c o l le c te d  a t  282-284°, w hile  
p -n itro p h e n y lb u ty le th e r  was c r y s ta l l i z e d  from e th a n o l . The m e ltin g
p o in t o f  th e  w hite  n eed le s  o f  p -n it ro p h e n y lb u ty le th e r  o b ta in e d  was found 
a t  32°. (R eported b o i l in g  p o in t o f p -n itro p h e n y liso p ro p y le th e r  i s  
283- 286° ,  A llen  & G ates, 1955, m e ltin g  p o in t o f  p -n itro p h e n y l b u ty le th e r  
i s  32° ,  Branch & Jo n es , 1955 )•
E lem ental a n a ly s is  fo r  th e  p -n itro p h e n y liso p ro p y l e th e r  was c a r r ie d
out (Found: C = 59 .25 , H = 6 .1 1 , N = 8 .1 5 ; C a lcu la te d : C = 5 9 .5 7 ,
H = 6 . 0 8 , N = 7 . 8 ) .
The in f r a r e d  spectrum  o f a l l  th e  sy n th e s iz ed  compounds was used  to  
confirm  p u r i ty  o f  each compound u sin g  a P erk in-E lm er 157& G ra tin g  
I n f ra r e d  S pectrophotom eter.
2 .1 .2 .  Animals
Male W is ta r-a lb in o  r a t s  (P orton  s t r a in )  from a random b re d  co lony , 
w eighing I 2O -I6O gm (5 -  7 weeks) were used . S y rian  h a m ste rs , 50 -  80 gn 
(12 -  16 w eeks), pure l i n e  golden s t r a i n ,  ca teg o ry  2 , were a ls o  u sed .
Animals were randomly a l l o t t e d ,  p r io r  to  exp erim en ta l work 
(minimum 2 weeks) as l i t t e r  mate cage g ro u p s , and bedded on S t e r o l i t  
(E ngelhard  C o rp ., E d ison , N. J . ,  U .S .A .) w ith  w ater and food (S p ra t ts  
No. 1 p a s te u ra l iz e d  anim al d i e t ,  S p r a t t ’s P a te n t L td . ,  B ark ing , E ssex) 
ad l ib i tu m . A ll  anim als were housed under c o n d itio n s  o f  c o n s ta n t
o
tem p era tu re  (20 ) ,  hum idity  ( r e l a t iv e  50%) and l ig h t in g  on a 12-hour 
l ig h t /d a r k  cycle  (0 6 . 30-18.30 l i g h t  p h a se ). The w eight o f  th e  an im als 
was ro u t in e ly  reco rd ed  th roughou t th e  experim en ts.
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2 .2 . METHODS
2 .2 .1 .  Animal P re trea tm en t
Hamsters (approx. 50-70 gm) o r r a t s  (approx. 120-l60  gm) were 
dosed w ith  e i th e r  sodium phenobarb itone (d is so lv e d  in  0.9% sodium 
c h lo r id e  aqueous s o lu t io n ) ,  100 mg/kg body w eight in t r a p e r i to n e a l ly ,  
once d a ily  fo r  th re e  days ; o r 3 -m ethy lcho lan th rene  ( in  S a la d in , 
groundnut o i l ) ,  50 mg/kg body w eight once d a i ly ,  fo r  two days 
in t r a p e r i to n e a l ly .  R espective  c o n tro ls  were in je c te d  w ith  e i th e r  
0.9% sodium c h lo r id e  s o lu t io n  o r groundnut o i l  ( 1.5 ml p e r  kg body 
w eight in  each c a s e ) .  In je c t io n s  were perform ed between 1000 and 1200 
hours and th e  l a s t  dose ad m in is te red  approx im ate ly  24 hours b e fo re  
s a c r i f i c e .  G i l l e t t e  s t e r i l e  need les  25 G x | ,  and 21 G x l i  were used  
fo r  aqueous and o i l  in j e c t io n s ,  r e s p e c t iv e ly .
2 .2 .2 .  Microsome P re p a ra tio n
Animals were k i l l e d  by c e r v ic a l  d is lo c a t io n .  The l i v e r s  were
im m ediately removed and e x c ise d  in to  1 . 15% (‘w/'v) po tassium  c h lo r id e
s o lu t io n ,  th e  g a l l  b la d d e r removed (ham sters on ly ) and su rfa c e  b lood
washed o f f .  L iv ers  were c a r e f u l ly  d r ie d  on Whatman No. 1 f i l t e r  pap er
and weighed in  ta re d -b e a k e rs  c o n ta in in g  0.25  m ol/1 sucrose  b u ffe re d
to  pH 7 .4  w ith  0 .01  m ol/1 sodium phosphate b u f f e r .  The weighed l i v e r
was sc isso r-m in ced  in  th e  sucro se  s o lu t io n ,  and s u f f i c i e n t  b u ffe re d
sucro se  was th en  added to  a t o t a l  o f  3 ml p e r gm wet w eight l i v e r .
The m ix tu re  was homogenized in  a P o t te r - ty p e  p o w er-d riven , T e flo n -G lass
homogenizer (A .J. Thomas Company, P h ila d e lp h ia , U .S .A ., S ize  B o r C)
a t  a speed o f  2400 r .p .m . u s in g  th re e  r e tu rn  s tro k e s . The homogenate
was c e n tr ifu g e d  a t  1 5 ,OOOg (MSE h igh  speed l8 ,  8 x 50 ml r o to r ,av
13,500  r . p .m . ) in  po ly carb o n ate  c e n tr ifu g e  tu b es  f o r  20 m inutes a t
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2 -4 ° . The r e s u l t in g  15,000 g su p e rn a ta n t was poured in to  25 ml
p o ly carb o n ate  c e n tr ifu g e  tu b e s , and c e n tr ifu g e d  a t  105,000  g
(MSE Super Speed 50, 8 x 25 ml r o to r ,  40,000 r .p .m .)  fo r  60 m inutes
a t  2 -  4° to  sedim ent th e  microsomal f r a c t io n .  The 105,000 g su p e rn a ta n t
was decan ted  o f f ,  and th e  m icrosom al p e l l e t  was washed by hom genization
and c e n tr i fu g a t io n  as d e sc rib e d  above.
The m icrosom al p e l l e t  was f i n a l l y  resuspended , by hom ogenization , in  
e i t h e r  O.IM phosphate b u f f e r  pH 7 .4  o r 0.07M phosphate b u f f e r  pH 7*85.
2 .2 .3 .  P ro te in  E stim a tio n
The method o f  Lowry e t  a l  ( l9 5 l)  was used  in  a l l  in s ta n c e s  w ith  
bovine serum albumin as s ta n d a rd . The p ro te in  c o n c e n tra tio n  was ex p ressed  
as mg m icrosom al p ro te in  p e r ml.
2 .2 .4 .  E s tim a tio n  o f Cytochrome P-450
Cytochrome P-450 was determ ined  by th e  method o f  U l l r i c h  (1969 ) .
—1 —1A d if fe re n c e  e x t in c t io n  c o e f f ic ie n t  o f  9I  mM cm betw een 450 and 
490 nm (Omura & S a to , I 963) "was assumed fo r  b o th  r a t  and h am ster.
2 . 2 . 5 . NADPH-Cytochrome P-450 R eductase
A P erkin-E lm er 356 sp ec tropho tom eter was used  in  th e  d u a l w avelength  
c o llim a te d  beam mode. The sample and re fe re n c e  beams were s e t  a t  450 nm 
and 490 nm, r e s p e c t iv e ly  (Burke, 1972). The method o f  Gigon, ^  a l  ( I 969 ) 
was employed, excep t th a t  NADPH was used  r a th e r  th a n  NADPH-generating 
system .
A s to p p ered  2 .5  ml c u v e tte  was f i l l e d  w ith  th e  m icrosom al su sp en sio n  
in  O.IM phosphate b u f f e r  pH 7 .4 . 2. drops o f  a c o n ce n tra te d  g lu co se
oxidase  s o lu t io n  (Fermcozyme, Hughes & Hughes, Brentwood, Middx) and some
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g ra in s  o f  g lucose  were added, th e  c e l l  was s to p p ered  w ith  a su b ase a l 
s to p p e r (Gallenkamp, L td . ,  London) and shaken. A fte r  a llo w in g  1 min. 
f o r  a n a e ro b io s is , th e  s to p p e r was removed and carbon monoxide was 
bubbled  c a r e fu l ly  th rough  th e  c e l l  c o n ten ts  fo r  30 seconds, th e  s to p p er 
was th en  re p la c e d , and th e  b a s a l  e x t in c t io n  reco rd ed . The r e a c t io n  was 
commenced by in je c t in g  10 y l  ( m ic ro l i t r e )  o f  20 mM NADPH th rough  th e  
s to p p e r from a m ic r o l i t r e  sy r in g e . The c u v e tte  was r a p id ly  shaken 
and re p la c e d  in  th e  sp ec tropho tom eter w ith in  3 seconds. The r e a c t io n  
was fo llow ed  by m o n ito ring  th e  appearance a t  4^0 nm o f  th e  a b so rp tio n  
due to  th e  re d . P-450-CO complex fo r  3 m in u tes .
The e f f e c t s  o f  ex tran eo u s compounds on th e  r e a c t io n  were s tu d ie d  
by th e  a p p ro p ria te  a d d itio n s  o f th e se  m a te r ia ls  b e fo re  i n i t i a t i n g  
a n a e ro b io s is .
2 .2 .6 .  D eterm ination  o f th e  A pparent P a r t i t io n  C o e f f ic ie n t
The apparen t p a r t i t i o n  c o e f f ic ie n ts  fo r  th e  carbam ates s e r ie s  
o f  th e  g e n e ra l s t r u c tu r e  R-O-CO-NH^ were determ ined  by Houston (1973).
The p a r t i t i o n  c o e f f ic ie n ts  o f th e  p -n it ro p h e n y la lk y le th e rs  were 
determ ined  in  d u p lic a te  u s in g  n -o c ta n o l and O.IM phosphate b u f f e r  
pH 7 .4 , Both th e  o c tan o l and b u f fe r  were s a tu ra te d  w ith  th e  r e le v a n t  
aqueous o r o rgan ic  phase b e fo re  u se . The p -n it ro p h e n y la lk y le th e rs  were 
d is so lv e d  in  th e  o c tan o l phase (5“15 mM). An equal volume o f  th e  phosphate  
b u f f e r  was added to  th e  o c tan o l s o lu t io n  (10 m l) , and th e  m ix tu re  was 
shaken on a ro ta ry  shaker fo r  2 hours to  ach ieve  e q u ilib r iu m . The 
c o n c e n tra tio n  o f  each compound in  b o th  phases as assayed  sp e c tro p h o to -  
m e tr ic a l ly .  The w avelengths chosen were th o se  o f th e  a b so rp tio n  maxima 
in  r e s p e c tiv e  s o lv e n ts .
The va lu es  o b ta in ed  were found to  be in  good agreem ent w ith  th e
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t h e o r e t i c a l  v a lu es  d e riv ed  by th e  method o f  Leo, e;b a l  ( l9 T l)  excep t 
fo r  th e  d e u te ra te d  compounds fo r  which no th e o r e t i c a l  v a lu es  a re  
a v a i 'la b le .
The apparen t p a r t i t i o n  c o e f f ic ie n ts  o f  th e  o th e r  compounds used  in  
t h i s  s tudy  were determ ined  by th e  method o f  Leo, e t  (1971) u t i l i z i n g  
th e  Hansch ir c o n s ta n t (Hansch & F u j i t a ,  1964) in  which th e  a d d it io n  o f 
a m ethylene group to  th e  a lk y l  s id e  chain  i s  assumed to  r e s u l t  in  a r e g u la r  
in c re a s e  in  th e  p a r t i t i o n  c o e f f ic ie n t  as determ ined  by lo g  P ( lo g a rith m  
o f  ap p aren t p a r t i t i o n  c o e f f i c i e n t ) ,  i . e . ,  lo g  P o r tt = 0 .5  fo r  th e  
a d d itio n  o f  -CH^- group in  th e  s t r a ig h t  chain  homologous s e r i e s .
The p a r t i t i o n  c o e f f ic ie n ts  fo r  th e  branched chain  compounds were 
low er th a n  t h e i r  re s p e c tiv e  s t r a ig h t  chain  an a lo g u es , b u t th e y  d isp la y e d  
a r e g u la r  in c re a se  in  lo g  P o r m v a lu e s . For a s in g le  b ran ch , lo g  P 
and IT were found to  be low ered by 0 . 2  w ith  re s p e c t to  th e  s t r a ig h t  
chain  analogue, whereas th e  double b ranch  v a lu es  were low ered by 0 .4 .
2 , 2 . 7 . D eterm ination  o f S p e c tra l ly  A pparent Drug-Cytochrome P-450 
I n te r a c t io n s
Cytochrome P-450 - s u b s t r a te  in te r a c t io n  s p e c tra  were de term ined  
by a m o d if ic a tio n  o f  th e  method o f Schenkman, ^  a l  ( I 967 ).
5 ml o f  a 2 mg/ml l i v e r  m icrosom al suspension  was e q u a lly  d iv id e d  
in to  a m atched p a i r  o f g la s s  o r q u a rtz  1 cm c u v e tte s .  The c u v e tte s  were 
capped w ith  su b asea l s to p p e r s , and a base  l in e  o f equal l i g h t  absorbance 
was reco rd ed  between 350 and 500 nm, u s in g  e i th e r  a Pye-Unicam SP I 8OO 
dual beam reco rd in g  sp ec tro -p h o to m ete r ( s e n s i t i v i t y  0 -0 .2 ,  s l i t  3 nm 
bandw id th ), o r P erk in-E lm er 356 dua l beam, re c o rd in g  sp ec tro p h o to m ete r 
( s e n s i t i v i t y  0 -0 .1 ,  o r 0 -0 .0 3 , s l i t  4 nm).
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The s u b s tr a te s  were d is so lv e d  in  d i s t i l l e d  w ater o r a b so lu te  
e th a n o l. S u b s tra te  in  so lv e n t was in tro d u ced  in to  th e  sample c u v e tte  
th rough  th e  s to p p e r u s in g  a 10 m ic r o l i t r e  sy rin g e  (Shandon Terumo 
M icrosyringe Type USM-IO) w ith  a sh o r t n e e d le , and th e  suspension  was 
c a r e f u l ly  mixed. An equal amount o f th e  so lv en t a lone  was added to  th e  
re fe re n c e  c u v e tte  and mixed. The d if fe re n c e  s p e c tra  g e n e ra te d  between 
350 and 500 nm was reco rd ed .
F u r th e r  a d d itio n s  o f  s u b s tr a te  and so lv e n t were made as d e sc rib e d  
above in  o rd e r to  determ ine th e  k in e t ic s  o f  th e  drug-P-450 s p e c t r a l  
in te r a c t io n s  (F igu re  2 .1 ) .
The maximum volume added o f th e  s u b s tr a te  and th e  so lv e n t to  th e  
c u v e tte s  was about 20 y 1 , which produced a n e g l ig ib le  volume change 
in  th e  c u v e tte  components.
A match p a i r  o f  s p l i t  c e l l s  was used  fo r  th e  s u b s t r a te s  hav ing  an 
a b so rp tio n  spectrum  which in te r f e r e d  w ith  th e  b in d in g  d if fe re n c e  
spectrum .
The s p l i t  c e l l s  c o n s is te d  o f a  p a i r  o f  2 x  1 cm c e l l s ,  each 
•p a r t i t io n e d  w ith  a th in  q u a rtz  w a ll in to  two 1 x 1  cm in d iv id u a l ly  
s to p p ered  compartments (L ig h tp a th  O p tic a l Co. L td .) .  For t h i s  
p rocedure  2 .5  imL m icrosom al suspension  was p ip e t te d  in to  one compartment 
o f each c e l l ,  and 2 .5  ml phosphate b u f f e r  in  each o f th e  o th e r  two 
com partm ents. A fte r  re co rd in g  th e  base  l i n e ,  a m ic r o l i t r e  volume o f  
th e  s u b s tr a te  in  so lv en t was in je c te d  in to  th e  t e s t  m icrosom al s u sp e n s io n ’s 
compartment and in  th e  re fe re n c e  phosphate b u f fe r  compartment ; w h e rea s , 
an eq u al volume o f th e  so lv en t were added to  th e  o th e r  two com partm ents, 
and th e  s p e c t r a l  in te r a c t io n  was reco rd ed .
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Figure 2.1
Difference spectra of cyclohexylbènzene with 
phenobarbitone-induced hamster liver
AO.D.  
0.02
360 390 420 450
Microsomal preparation from a phenobarbitone 
pretreated hamster, 1.5 m g/m l 0.1 M phosphate 
buffer pH 7 .4 .
Gyclohexylbenzene concentrations: (a) = 0.08 mM,
(b) = 0.12 mM, (c) = 0.16 mM, (d) = 0.28 mM,
(e) = 0.40 mM.
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K in e tic s  o f Cytochrome P-450 ~ S u b s tra te  In te r a c t io n  S p ec tra
The s p e c tr a l  d is s o c ia t io n  c o n s ta n t, K , and th e  maximal change,s
A^ax 9 were found by Lineweaver-Burk diagram s. The re c ip ro c a ls  o f  th e  
sum o f th e  am plitudes o f  th e  peak and tro u g h  o f th e  d if fe re n c e  s p e c tra  
( r e f e r r e d  to  th e  base l in e  in  bo th  in s ta n c e s )  were p lo t te d  a g a in s t  th e  
re c ip ro c a ls  o f  th e  s u b s tr a te  c o n c e n tra tio n s . As th e  m agnitude o f  th e  
s p e c t r a l  change depends on th e  p ro te in  c o n c e n tra tio n , th e  s u b s t r a te  
c o n c e n tra tio n , and th e  s u b s tr a te  used (Schenkman, a t  a d , 1967)5 i t  was 
n e ce ssa ry  b e fo re  p roceed ing  w ith  a p lo t ,  to  determ ine in  a
p re lim in a ry  experim en t, th e  s u b s tr a te  c o n ce n tra tio n  th a t  gave th e  minimum 
a c c u ra te ly  m easureable s p e c t r a l  change.
A ty p ic a l  s e t  o f  s p e c tra  and a p lo t  from th e  s p e c tra  a re  shown
in  F ig u res  2 .1  and 2 .2 ,  re s p e c t iv e ly .
2 .2 .8 .  F luorescence  Measurements
The f lu o re sc en c e  e s tim a tio n s  and t i t r a t i o n s  were a l l  perform ed on 
a Perk in-E lm er MPF 3 sp e c tro p h o to f lu o rim e te r  coupled w ith  a  P e rk in -  
Elmer model QPD-33 re c o rd e r  (10 mV f u l l  s c a le )  (P erk in-E lm er L td . , 
B ea c o n sfie ld , B uckingham shire). The s t a b i l i t y  o f  th e  in s tru m e n t was 
r e g u la r ly  checked by th e  use o f  a f lu o re s c e n t  s tan d a rd  (^ p  g/m l q u in in e  
su lp h a te  in  O .llf su lp h u ric  a c id ) .
The f lu o re sc en c e  s tu d ie s  on c le a r  s o lu tio n s  were m easured a t  an 
ang le  o f 90° to  th e  e x c it in g  l i g h t  (F igure  2 .3 ) .  For th e  m icrosom al 
s tu d ie s ,  because o f  th e  h igh  tu r b i d i t y ,  measurements were made u s in g  
a c e l l  in  th e  f r o n t- s u r fa c e  r e f le c ta n c e  mode, i . e .  sam ples were 
m easured a t  an ang le  o f  45° to  th e  e x c it in g  l i g h t  (F igu re  2 .4 )  in  a  
s p e c ia l ly  designed  c e l l  h o ld e r ,  c o n s tru c te d  in  th e  departm en t.
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Figure 2.2  
The determination of K and Amax
50
40
1 /A O .D
30
20
7.14xlO "^Amax
6 ^  -3
K = 2 . 1  mM
12
[ Gyclohexylbenzene ] (mM )
Points were taken from Figure 2.1
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The fo llo w in g  in s tru m en t s e t t in g s  were used fo r  a l l  in v e s t ig a t io n s :  
e x c i ta t io n  and em ission  s p e c t r a l  band-w idth  o f 5 nm. When e i th e r  
w avelength was be ing  scanned, a scan speed o f  l80  nm/min, and a re c o rd e r  
c h a r t speed o f 30 nm/min were used.
The c e l l s  were ro u t in e ly  c lean ed  w ith  d i lu te  n i t r i c  a c id  to  remove any 
f lu o re s c e n t  contam inants (excep t s tu d ie s  w ith  ANS; Rosen & Weber, 1969)* 
Double g la s s  d i s t i l l e d  w a ter was used in  a l l  c a s e s , w hereas a b so lu te  
e th an o l and n-hexane (sp e c tro sc o p ic  g rade) were used as o rg an ic  so lv e n ts ,
F igure  2 .3  F ig u re  2 .4
Sample
(E x c itin g )
90°
>
^^2
(F lu o re sc e n t)r
Sample
(E x c itin g )  43°
(R e fle c te d )
F lu o re sc en t Probe S tu d ies
2 ml o f  1 o r 2 mg p ro te in /m l in  0 .1  M phosphate b u f f e r  pH 7*4 
was p ip e t te d  in to  th e  c e l l  which was capped w ith  S ubaseal s to p p e r .
The f lu o re sc en c e  o f th e  m icrosom al su spension  was, th e n , m easured 
u s in g  th e  e x c i ta t io n  w avelength due to  th e  p ro te in -p ro b e  complex. 
S uccessive  a d d itio n s  o f  th e  probe in  e i t h e r  0 .1  M phosphate  b u f f e r  
o r e th a n o l (depending on th e  s o lu b i l i t y  o f  th e  probe used) were 
made th rough  th e  s to p p e r u s in g  10 m ic r o l i t r e  sy r in g e s . A f te r  m ix in g .
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th e  f lu o re sc en c e  i n t e n s i t i e s  were m easured a t  th e  r e s p e c tiv e  e x c i ta t io n  
and em ission  w avelengths fo r  th e  probe in  e i th e r  p ro te in  o r b u f f e r  
s o lu t io n . D ilu tio n  e f f e c t s  were c o rre c te d  by c o n tro l  t i t r a t i o n s  o f  th e  
microsom al suspension  w ith  b u f fe r  o r e th a n o l. Measurement o f  th e  
f lu o re sc en c e  quenching o f  th e  p ro te in  on a d d itio n s  o f  th e  probe was 
reco rd ed  fo r  ANS u sin g  e x c i ta t io n  w avelength a t  290 nm and f lu o re sc e n c e  
w avelength a t  335 nm.
The s h i f t  in  th e  flu o resc en c e  em ission  maximum (and p o s s ib ly  
e x c i ta t io n  maximum) to  a low er w aveleng th , and th e  in c re a s e  o f  th e  
quantum y ie ld  on th e  decrease  o f  th e  so lv en t p o l a r i t y ,  were used  to  
s e le c t  s u i ta b le  f lu o re s c e n t  p ro b es . To p ro p e rly  c h a r a c te r iz e  th e  
p ro b e ’ s p r o p e r t ie s ,  equim olar c o n c e n tra tio n s  o f th e  compound were 
p rep a red  in  s e v e ra l  so lv e n ts  o f d i f f e r e n t  p o la r i ty  (e .g .  phosphate  
b u f f e r ,  e th a n o l , n -hexane) and th e  em ission  and e x c i ta t io n  maxima in  
each c a s e , was determ ined  as p re v io u s ly  d e sc rib e d .
The quantum y ie ld  was determ ined  by th e  method o f  P a rk e r & Rees
( i 960) .
For drug in te r a c t io n  s tu d ie s ,  e i t h e r  probe o r co m p etito r were 
added f i r s t  and t i t r a t i o n s  o f  th e  p ro te in -d ru g  complex w ith  th e  o th e r  
compound were perform ed as d e sc r ib e d  above.
■. ■ ■ oA ll experim ents were perform ed a t  room tem p era tu re  25 ± 2 .
2 .2 .9 ' D eterm ination  o f  Dea lk y la t io n  Rate
The m icrosom al 0 -d e a lk y la t io n  o f  p -n it ro p h e n y la lk y le th e rs  produce 
p -n itro p h e n o l, which absorbs l i g h t  a t  420 nm a t  pH 7 . 85 . The fo rm atio n  
o f p -n itro p h e n o l i s  based  on th e  fo llo w in g  re a c t io n :
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R
NO,
l i v e r  m icrosom al 
0 -d e a lk y la se
NADPH, Og, pH 7.85
0
HO
A P erkin-E lm er 356 sp ec tropho tom eter w ith  a re c o rd e r  in  th e  
du a l beam mode was used to  fo llow  th e  con tinuous fo rm ation  o f  
p -n itro p h e n o l. The fo llo w in g  s e t t in g s  were made: = 4pO nm,
X 2 -  420 nm, s l i t s  = 0 .2 5  inm, chart speed = 10 mm/min, and th e  
fo llo w in g  s o lu t io n s  were prepared:
G lueose-6-phosphate 
N icotinam ide
.Microsomal suspension  •
NADP
S u b s tra te  
Phosphate b u f fe r
G lucose-6-phosphate  dehydrogenase
15 mg/
,1 ml 1 mg/
5 mg/ml
5 mg/ml
1-5  mM
O.IM, pH 7.85
200 u n its /m l
0 .2  ml o f  th e  m icrosom al suspension  was p ip e t te d  in to  th e  c u v e tte  
(0 .5  m g/m l), fo llow ed by th e  a d d itio n s  o f  0 .1  ml g lu c o se -6 -p h o sp h a te / 
n ico tin am id e  s o lu tio n  (2.65  mM and 0 .4  mM, r e s p e c t iv e ly ) ,  10 y l  
g lu co se -6 -p h o sp h a te  dehydrogenase -(2 u n i t s ) ,  phosphate  b u f f e r  to  make 
th e  f i n a l  volume up to  2 ml in  th e  c u v e t te ,  a n d . f in a l ly ,  th e  s u b s t r a te  
in  m ic r o l i t r e  q u a n tity . The m ix tu re  was mixed w e ll and th e  base  l i n e  
reco rd ed  fo r  1-2 m inu tes . The r e a c t io n  was s t a r t e d  by th e  a d d i t io n  o f  
0 .1  ml NADP (0 .2  mM), th e  c e l l  q u ick ly  shaken and re p la c e d  in  th e
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sp ec tropho tom eter 5 and th e  r a t e  o f th e  p -n itro p h e n o l fo rm ation  was 
reco rd ed  fo r  2-5 m inutes (F igure  2.5)*
For in h ib i t io n  s tu d ie s ,  m etyrapone (0 .25  yM) was added a f t e r  2 m inutes 
o f  th e  a d d itio n  o f NADP.
The k in e t ic  c o n s ta n ts  o f th e  r e a c t io n  were determ ined  by u s in g  
d i f f e r e n t  s u b s tr a te  c o n c e n tra tio n s  ran g in g  from 1.25  yM to  40 y M 
(depending on th e  s u b s tr a te  u sed ) . The g ra p h ic a l  p rocedure  o f 
Lineweaver & Burk (1934) was employed, which c o n s is ts  o f  a double 
r e c ip ro c a l  p lo t  o f  i n i t i a l  r e a c t io n  v e lo c i ty  v s . s u b s t r a te  c o n c e n tra tio n .
2 .2 .1 0 . Oxygen E lec tro d e
The r a te  o f oxygen consum ption was m easured u sin g  th e  g o ld / s i lv e r  
e le c tro d e  as developed by Erdmann(1972). The Au/Ag system  c o n s is te d  
o f - a  g la s s  co a ted  gold  m ic ro e le c tro d e  w ith  a d iam eter o f  7y (F ig u re  2 .6 . )  
The e le c tro d e  t i p  was co a ted  w ith  a h y d ro p h ilic  r e s in  (P rim al AC-35,
Dodueo K g., Pforzheim ) to  avo id  co n tam ination  by p ro te in .  An Ag/AgCl 
e le c tro d e  was used as a re fe re n c e . A p o la r i s a t io n  v o lta g e  o f - 85O mV 
was used (Wolf e t  a l ,  1975). The p o la r i s a t io n  v o lta g e  and a m p lif ic a t io n  
o f  s ig n a ls  was ach ieved  u sin g  a T ransidyne G eneral model 1200 Chem ical 
M icrosensor (T ransidyne G eneral C o rp ., Ann A rbor, M ichigan, U .S .A .) . 
Changes in  s ig n a l  were d isp la y ed  u s in g  a Hartmann & Braun c h a r t  re c o rd e r  
(Hartmann & Braun AG, F r a n k f u r t) ,  s e t  a t  a  s e n s i t i v i t y  o f  5 fo r  a 
f u l l  s c a le  d e f le c t io n .
A ssays were c a r r ie d  ou t in  a 1 cm c u v e tte  in  a 37^ c o n tro l le d  
c u v e tte  h o ld e r . The e le c tro d e  was manoevered in  and ou t th e  c u v e t te ,  
u s in g  a m icro m an ip u la to r (W .R .Prior & Co. L t d . , B ishops S to r t f o r d ,  
E ngland).
The c a l ib r a t io n  curve i s  shown in  F ig u re  2 .7 ,  th e  oxygen c o n c e n tra tio n s
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Figure 2.5
Measurement of initial rate of the déméthylation
of p-nitroanisole
0.01 A
A
3 mins
(a) Equilibrium pen position.
The initial rate of déméthylation of 
p-nitroanisole (40 pM) after the 
addition of NADP.
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Figure 2 .6
A diagramatic section of the gold micro electrode
. 1 0 0 /i
a —
(a) Glass coated gold electrode wire, with 
a tip coated with hydrophilic resin
(b) sealing glue
(c) gold wire
(d) copper conducting wire
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Figure 2 .7
Calibration curve of recorder deflection against 
oxygen concentration
90
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2 . 0
0„ Conc^i. (10“^M)
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were c a lc u la te d  from re c o rd e r  v a lu es  ( i . e .  a t  37° and a tm ospheric  
p re s s u re , 21^ oxygen i s  e q u iv a le n t to  0 .214 mM).
The gold  and re fe re n c e  e le c tro d e s  were l e f t  to  e q u i l ib r a te  in  
sodium c h lo rid e  s o lu tio n  w ith  th e  p o la r iz a t io n  v o lta g e  sw itched  on 
fo r  t h i r t y  m inutes b e fo re  u se . Microsomes were suspended in  66 mM 
T ris-H C l b u f f e r  pH 7*4, c o n ta in in g  3 .3  mM g lu co se -6 -p h o sp h a te , 0 .5  
u n i ts  g lu co se-6 -p h o sp h a te  dehydrogenase, and 2 mM n ic o tin a m id e , 
to  g ive  a p ro te in  c o n c e n tra tio n  o f 1 mg/ml in  a 3 ml f i n a l  volume. 
The c u v e tte  was p la ce d  in  a 37° tem p era tu re  c o n tro l le d  c e l l  h o ld e r  
and l e f t  to  e q u i l ib r a te  w ith  th e  e le c tro d e  immersed in  th e  s o lu t io n ,  
having  reco rd ed  th e  base  l in e  when th e  e le c tro d e  s ig n a l  was s te a d y . 
20 p 1 o f  NADP (66yM f i n a l  c o n c e n tra tio n )  was added to  th e  c u v e t te ,  
th e  m ix tu re  c a r e f u l ly  shaken by g e n tle  in v e rs io n , and th e  r a t e  o f  
endogenous oxygen uptake reco rd ed  fo r  a few m inu tes . The e le c tro d e s  
w ere, th e n , removed and th e  s u b s tr a te  added in  y l  q u a n t i t ie s  
(250 mM sto ck  s o lu tio n  in  d im ethylform am ide, sp ec tro sc o p ic  g ra d e ) . 
The c u v e tte  was again  g e n tly  shaken and th e  e le c tro d e s  re p la c e d .
The r a t e  o f  oxygen consumption was reco rd ed  u n t i l  a n a e ro b io s is  was 
reached  (F igure  2 .8 ) .
Dimethylformamide showed no e f f e c t  on th e  r a t e  o f  oxygen u p tak e .
K v a lu es  were determ ined  by p lo t t in g  th e  r e c ip ro c a ls  o f  th e  m
oxygen consumption m easured in  th e  p resen ce  o f  s u b s t r a te  minus th e  
c o n tro l  oxygen consum ption a g a in s t  th e  r e c ip ro c a ls  o f  s u b s t r a te  
c o n c e n tra tio n  acco rd ing  to  th e  method o f  Lineweaver & Burk (1934).
I t  was assumed th a t  th e  r a te  o f th e  endogenous oxygen consum ption 
rem ained c o n s ta n t a f t e r  th e  a d d it io n  o f th e  s u b s t r a te .
6k
Figure 2.8
Measurement of substrate induced 
oxygen consumption
A
Og conc^
100 iiM
IL
10 15
Time (mins)
(a) Equilibrium pen position.
(b) Endogenous oxygen uptake after the addition of NADP.
(c) Substrate induced oxygen consumption after the
addition of octyl carbamate (0.5 mM)
(d) Anaerobiosis
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2 .2 .1 1 . S t a t i s t i c a l  E v a lu a tio n  o f  R esu lts
L inear re g re s s io n  a n a ly s is ,  based  on th e  method o f  l e a s t  squ ares  
was perform ed on an O l iv e t t i  101 programmeable c a lc u la to r .
Where a p p ro p r ia te ,  d a ta  has been ex p ressed  as mean ± S . E . M . (o r  S.D. ) 
T e s ts  fo r ' s t a t i s t i c a l  s ig n if ic a n c e  were perform ed u s in g  e i t h e r  th e  
re g re s s io n  c o r r e la t io n  c o e f f ic ie n t  o r S tuden ts  A t e s t .
CHAPTER THREE
DRUG-Cytochrome P-U50 S p e c tra l  In te ra c t io n
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3 .1 . IN TRO D U C TIO N
A v id e  v a r ie ty  o f x e n o b io tic s  have been shown to  produce 
c h a r a c te r i s t i c  absorbance changes in  th e  d if fe re n c e  spectrum  o f l i v e r  
microsomes r e f l e c t in g  th e  in te r a c t io n  o f th e  added compound w ith  
cytochrome P-^50 (im ai & S a to , 1966a ; Remmer e t  a l ,  I 966) .  These 
s p e c t r a l  changes which a re  o b ta in ed  upon a d d itio n  o f v a rio u s  compounds 
to  suspension  o f  l i v e r  microsomes in  b u f f e r  system s a re  c l a s s i f i e d  in to  
th re e  ty p e s , term ed: ty p e  I ,  ty p e  I I ,  and ty p e  RI (Schenkman, 1970;
Schenkman ^  a2 , 1972). Type I  s p e c t r a l  changes a re  c h a r a c te r is e d  by an 
ab so rp tio n  peak a t  about 385 nm and a tro u g h  a t  about 420 nm, and a re  
g e n e ra lly  acknowledged to  a r i s e  as a consequence o f  th e  b in d in g  o f  a 
s u b s tr a te  to  th e  ap o p ro te in  o f cytochrome P-450. The ty p e  I I  s p e c t r a l  
change which i s  in d ic a te d  by an a b so rp tio n  peak in  th e  re g io n  425-435 nm 
* and a tro u g h  a t  about 390 nm, i s  p ro b ab ly  a s s o c ia te d  w ith  ferrihaem ochrom e 
fo rm ation  a r i s in g  from th e  in te r a c t io n  o f  th e  haem iro n  w ith  a b a s ic  
n itro g e n  o f  th e  added compound. Type RI s p e c t r a l  change i s  c h a r a c te r iz e d  . 
by a peak a t  about 420 nm and a tro u g h  a t  about 390 nm.
The r e l a t i v e  b in d in g  a f f i n i t i e s  o f  v a rio u s  compounds to  cytochrom e 
P-450  i s  d e fin e d  by th e  s p e c t r a l  d is s o c ia t io n  c o n s ta n t ,  K , which i s  th e
s
c o n c e n tra tio n  o f  s u b s tr a te  g iv in g  r i s e  to  h a l f  maximal s p e c t r a l  change.
The work o f  Imai & Sato (1967 b ) u s in g  th e  s p e c t r a l  changes te c h n iq u e  
in d ic a te d  th a t  th e  r e a c t iv e  a re a  o f  cytochrome P-450 i s  in  c o n ta c t w ith , 
o r b u rie d  in ,  a h ig h ly  hydrophobic p a r t  o f  cytochrome P-450 p r o te in  o r 
l i p id s  o f th e  m icrosom al membranes. S tu d ie s  perform ed on th e  ( + ) and 
(.-) isom ers o f  amphetamine and fo u r N -s u b s ti tu te d  amphetamine d e r iv a t iv e s ,  
have suggested  th a t  l i p i d  s o lu b i l i t y  i s  o f m inor im portance f o r  d e c id in g  
th e  a f f i n i t y  by,w hich such in te r a c t io n  ta k e s  p lace  (H offstrom  & O rre n iu s ,
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19T3). However, p - s u b s t i tu te d  d im e th y la n ilin e s  o f  h ig h  l i p i d
s o l u b i l i t i e s  were found to  show sm all K v a lu e s , whereas th o se  o fs
low l i p i d - s o l u b i l i t i e s  e x h ib ite d  la rg e  K v a lues (Kitagawa e^  a l , 
1972) . F urtherm ore , Pelkonen & K arki (1973) have re p o r te d  t h a t  th e  
a b i l i t y  o f  b a r b i tu r a te s  (o th e r  th an  a l l y l  d e r iv a t iv e s )  to  induce 
driig m etabolism  was in v e rs e ly  c o r r e la te d  to  l i p i d - s o l u b i l i t y .
In  th e  p re se n t work, a wide v a r ie ty  o f  o rgan ic  compounds 
in c lu d in g  a l ip h a t ic  carbam ates, a rom atic  hyd rocarbons, a l i c y c l i c  
hyd rocarbons, f a t t y  a c id s ,  and m e th y le s te rs  have been used to  
e s ta b l i s h  th e  r e la t io n s h ip  between ty p e  I  b in d in g  a f f i n i t i e s  and 
l i p i d - s o l u b i l i t i e s ,  w h ile  some n itro g e n  c o n ta in in g  compounds have 
been employed to  th e  s t r u c tu r a l  req u irem en ts  fo r  ty p e  I I  in te r a c t io n ,
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3 .2 . RESULTS
3 .2 .1 . S t r u c tu r a l  Requirem ents fo r  th e  B inding S i te s
A wide v a r ie ty  o f  o rg an ic  compounds ( in c lu d in g  s a tu r a te d  and 
u n sa tu ra te d  hydrocarbons, f a t t y  a c id s ,  f a t t y  a c id  m ethyl e s t e r s ,  
a l ip h a t ic  carbam ates, n i tro g e n -c o n ta in in g  compounds, and some o th e r  
oxygen -con ta in ing  compounds) were used  to  s tudy  th e  s t r u c tu r a l  
req u irem en ts  o f type  I ,  ty p e  R I, and ty p e  I I  b in d in g  s i t e s .
N itro g e n -c o n ta in in g  Compounds
A n ilin e , which i s  a well-known ty p e  I I  compound in  th e  r a t ,  was
confirm ed to  produce a s im ila r  in te r a c t io n  w ith  ham ster h e p a tic
microsomes g iv in g  an a b so rp tio n  peak a t  about 428 nm and a tro u g h  a t
about 392 nm. The va lu e  was. c a lc u la te d  to  be 0 .55  mM. B enzid ine
which co n ta in s  two amino g roups, in te r a c te d  more s tro n g ly  w ith  th e
m icrosom es, g iv in g  a K v a lu e  o f about 0 .05  mM, (T able 3 .1 ) .s
4 -M eth y lp ip e rid in e  and N -m eth y lp ip erid in e  were used  in  o rd e r  
to  s tudy  th e  s t e r i c  e f f e c t  o f th e  m ethyl group around th e  n i tro g e n  
atom on th e  b in d in g  a f f i n i t y .  Type I I  s p e c t r a l  in te r a c t io n s  were 
observed  fo r  th o se  two compounds w ith  an a b so rp tio n  peak a t  about 
425 nm and a tro u g h  a t  about 390 nm, b u t th e  b in d in g  a f f i n i t y  o f 
4 -m e th y lp ip e rid in e  was h ig h e r th a n  th a t  o f  N -m eth y lp ip e rid in e  
(Table 3 .1 ) in  which th e  n itro g e n  atom i s  s t e r i c a l l y  h in d e re d  by th e  
m ethyl group. That th e se  compounds were indeed  b in d in g  to  a s e p a ra te  
s i t e  from th a t  concerned in  ty p e  I  b in d in g  was confirm ed by co m p etitio n  
s tu d ie s .  For example a decrease  in  th e  am plitude o f  a n i l in e  s p e c t r a l  
in te r a c t io n  (0 .6  mM) was found upon th e  a d d itio n  o f  N -m e th y lp ip e rid in e  
(0 .6  mM), whereas a s l i g h t  enhancement was n o tic e d , u s in g  b ip h e n y l as 
a ty p e  I  m o d if ie r (see  1 .1 .3 ) .
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Type I I  d if f e re n c e  s p e c tra  were a lso  produced by some o th e r  
b a s ic  n itro g e n -c o n ta in in g  compounds, in c lu d in g  cyclohexy lam ine , 
h is ta m in e , 4 ,4 ’- b ip y r id y l ,  and 5 -am ino isoqu ino line  (Table 3 .1 ) .  
However, o th e r  compounds c o n ta in in g  n e u t r a l  or weakly b a s ic  n i t ro g e n , 
such as M S , p - n i t r o a n is o le  and carbam ates, produced a ty p e  I  s p e c t r a l  
change (Table 3 .1 ) .
A lip h a tic  and Arom atic Hydrocarbons
The a d d itio n  o f  low c o n c e n tra tio n  o f benzene (0 .0 2 -0 .5 0  mM) to
l i v e r  microsomes d id  n o t e l i c i t  a  d e te c ta b le  s p e c t r a l  change, b u t as
th e  c o n c e n tra tio n  o f th e  compound in c re a s e d , a c l a s s i c a l  ty p e  I
s p e c tra  was o b ta in ed  g iv in g  an a b so rp tio n  peak a t  about 388 nm and
a tro u g h  a t  about 4 l8  nm. The va lue  o f  th e  in te r a c t io n  o f  benzene
w ith  ham ster h e p a tic  microsomes was found to  be h ig h e r  th a n  i t s
s a tu r a te d  analogue cyclohexane (T ables 3 .2  & 3 .3 ) .  S im ila r ly ,  th e
va lue  o f d e k a lin  was le s s  th a n  th a t  o f  n ap h th a len e , a lth o u g h  th e r e
was no s ig n i f ic a n t  d if f e re n c e  in  t h e i r  A v a lues (T able 3 .4 ) ,  In  ® max
l in e  w ith  t h i s  t re n d  t e t r a l i n ,  th e  p a r t i a l l y  s a tu r a te d  m o lecu le , 
showed in te rm e d ia ry  b in d in g  a f f i n i t y  between nap h th a len e  and d e k a lin . 
This o b se rv a tio n  was in v e s t ig a te d  w ith  an o th er s e r ie s  o f  compounds: 
b ip h e n y l, G yclohexylbenzene, and d ic y c lo h ex y l. The b in d in g  a f f i n i t y  
was in  d ec rea sin g  o rd e r: d icy c lo h ex y l, G yclohexylbenzene, b ip h en y l 
(Table 3 .4 ) .
The e f f e c t  o f  in c re a s in g  number o f carbon atoms a t ta c h e d  to  th e  
a ro m a tic ' compound, benzene, was s tu d ie d . Toluene was found to  
in t e r a c t  s tro n g ly  w ith  cytochrome P-450, g iv in g  a b in d in g  a f f i n i t y  
approx im ate ly  s ix  tim es h ig h e r  th an  th a t  o f  benzene. E th y l ,  b u ty l ,  
and hexylbenzenes were a lso  found to  in t e r a c t  in  a ty p e  I  m anner.
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The K va lu e  determ ined  fo r  th e  a lky lbenzenes was found to  d ecrease  s
w ith  in c re a s in g  number o f  carbon atoms in  th e  s t r a ig h t  ch a in  a l ip h a t ic
a lk y l  g roup , bu t no sy stem a tic  d if f e re n c e s  in  v a lu es  were found
f o r  th e se  compounds (Table 3 .2 . ) .  . The in te r a c t io n  o f  th e  branched
chain  compound t e r t . - b u ty l  benzene w ith  h e p a tic  microsomes was found 
0
to  be a ty p e  I ,  bu t th e  a f f i n i t y  fo r  t h i s  in te r a c t io n  was low er th an  
i t s  s t r a ig h t  chain  analogue , n -b u ty lb en z en e ; however, th e  K v a lu e  o f 
t e r t . -bu ty lb en zen e  was o f  low er m agnitude th an  th a t  o f  th e  o th e r  
b ra n c h ed -c h a in , iso -p ro p y lb e n z en e .
The decrease  in  v a lu es  was a lso  observed  w ith  in c re a s in g  
number o f  carbon atoms in  th e  a l ip h a t ic  s id e  chain  o f  cyclohexane. 
M ethyl, and e thy lcyclohexane  produced a ty p e  I  s p e c t r a l  ch ange ,w ith  
no s ig n i f ic a n t  d if f e re n c e s  "^max w hile  n -b u ty lcy c lo h ex an e
"produced a r e l a t i v e l y  sm all A ^ ^  v a lu e .
Type I  s p e c t r a l  in te r a c t io n s  were a lso  found w ith  some o th e r  
hydrocarbons, e .g .  d iphenylm ethane, f lu o r e n e , p h en an th ren e , and 
p e rh y d ro flu o re n e , (Table 3 .4 ) .
The in te r a c t io n  o f  p o ly c y c lic  hydrocarbons: b e n z o - p y r e n e ,
3 -m e th y lch o lan th ren e , and 7 ,12 -d im eth y lb en zan th racen e  (DMBA) was 
s tu d ie d . B enzo[a]pyrene produced an unusual d if f e re n c e  s p e c t r a ,  
a lth o u g h  i t  showed th e  ty p ic a l  a b so rp tio n  peak a t  388 nm when in te r a c t e d  
w ith  h e p a tic  m icrosom es, an a d d i t io n a l  peak a t  about 366 nm was found , 
which p e r s i s te d  even when s p l i t  c e l l s  were used . However, t h i s  
compound was reg ard ed  as ty p e  I  because o f th e  p resen ce  o f  th e  t y p ic a l  
peak a t  388 nm and a tro u g h  a t  425 nm (F igure  3 .1 ) .  3 -M e th y lch o lan th ren e , 
a lso  in te r a c te d  w ith  ham ster h e p a tic  microsomes w ith  th e  fo rm atio n  o f  
a  tro u g h  in  th e  range 430-435 nm, b u t two sm all peaks a t  about 368 nm 
and 392 nm, and a sh o u ld er a t  about 388 nm were found fo r  th e  in te r a c t io n
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(F igure  3 .1 ) .  However, th e  s p e c t r a l  changes produced by e i th e r  
benzo[a]pyrene  o r 3”MC, cou ld  be d e te c te d  a t  c o n c e n tra tio n s  as low 
as 5 yM, b u t no v a lu es  were c a lc u la te d  because o f th e  a ty p ic a l  
behav iou r o f  th o se  compounds.
7 ,12-D im ethy lbenzan thracene produced a type  I  s p e c t r a l  change 
w ith  ham ster h e p a tic  microsomes g iv in g  an a b so rp tio n  peak a t  about 
385 nm and a tro u g h  a t  about 4 l4  nm. However, in c re a s in g  th e  
c o n c e n tra tio n  o f th e  compound (>5 yM) r e s u l te d  in  th e  fo rm ation  o f 
a f u r th e r  peak a t  about 365 nm (F igure  3 .2 )  com parable w ith  t h a t  
found w ith  b en zo [a]p y ren e . The v a lu e  c a lc u la te d  fo r  th e  in te r a c t io n  
o f  DMBA w ith  ham ster h e p a tic  microsomes was 45 y M.
F a tty  Acids
The b in d in g  s p e c tra  o f  a  s e r ie s  o f  a l ip h a t i c  c a rb o x y lic
a c id s  were examined. P ro p rio n ic  a c id  and b u ty r ic  a c id  a t  a c o n c e n tra tio n
as h igh  as 5 .0  mM f a i l e d  to  produce a d e te c ta b le  s p e c t r a l  i n t e r a c t io n ,
b u t a c id s  c o n ta in in g  more th an  f iv e  carbon atoms were found to  e l i c i t
a ty p e  I  d if f e re n c e  s p e c tra .  A s ig n i f ic a n t  in c re a s e  in  th e  b in d in g
a f f i n i t y  o f  th e  ac id s  w ith  in c re a s in g  number o f  carbon atoms was
n o t ic e d , bu t no s im ila r  t r e n d  was observed  in  th e  A v a lu es  (T able 3 .5 )’ max
M y ris tic  a c id ,  u n lik e  th e  o th e r  a c id s  s tu d ie d , gave no d e f in i t e  peak 
in  th e  range 390-400 nm, b u t i t  showed a tro u g h  a t  about 422 nm. Because
o f t h i s  a ty p ic a l  b eh av io u r, th e  e f f e c t  o f m y r is t ic  a c id  on th e  
conversion  o f cytochrome P-450 to  P-420 was s tu d ie d . The a d d it io n  o f  
0 .5  lûM o f th e  a c id  d id  no t a f f e c t  th e  s t a b i l i t y  o f  P-450, b u t th e  
P-420 peak was c le a r ly  n o tic e d  a t  a c o n c e n tra tio n  o f  2 .5  niM w ith  a 
25^ d ecrease  in  th e  p eak -h e ig h t o f  P-450 which was accom panied by th e  
fo rm ation  o f  P-420 peak. As th e  c o n c e n tra tio n  o f  th e  compound was
73
in c re a se d  to  10 mM, th e  P-420 peak became even h ig h e r  th an  th a t  o f 
p -450.
A lip h a tic  Carbamates
M ethyl5e th y l5 and p ro p y l carbam ates d id  no t g ive  a d e te c ta b le
b in d in g  s p e c tra  w ith  ham ster o r r a t  l i v e r  c o n tro l m icrosom es, o r
w ith  p h e n o b a rb ito n e -p re tre a te d  r a t  l i v e r  m icrosom es. B ut, a  c l a s s i c a l
ty p e  I  in te r a c t io n  was found w ith  -  0^^ carbam ates. A d ec rea se  in
th e  Eg v a lu e  was observed  w ith  in c re a s in g  th e  carbon atoms in  th e
s t r a ig h t  chain  compounds. The low est v a lu e  was produced by n-D ecyl
carbam ate , b u t ,  l i k e  th e  f a t t y  a c id s ,  th e re  was no s ig n i f i c a n t  change
in  th e  A v a lu e s . F urtherm ore , th e re  was no s ig n i f i c a n t  change in  max
th e  Kg v a lu es  between r a t  and ham ster h e p a tic  m icrosom es. However, 
a lthough  th e  branched chain  compounds, such as t e r t . - p e n ty l  and t e r t . -  
hexyl carbam ates d id  i n t e r a c t  w ith  m icrosom al su sp e n s io n s , t h e i r  K  ^
v a lu es  were h ig h e r th an  th e  co rrespond ing  s t r a ig h t  ch a in  compounds 
(Table 3 .6 ) .
A lip h a tic  M ethyl E s te rs  -
The in te r a c t io n  o f a l ip h a t ic  m ethyl e s te r s  was s im i la r  to  t h a t  
o f  f a t t y  a c id s .  M e th y l-n -b u ty ra te  produced no d e te c ta b le  d if f e r e n c e  
s p e c t r a ,  even a t  a c o n c e n tra tio n  as h igh  as 10 mM, whereas a c l a s s i c a l  
type  I  spectrum  was found w ith  hexanoic a c id  m ethyl e s t e r .  The 
b in d in g  a f f i n i t y  o f m ethyl e s te r s  i s  in  in c re a s in g  o rd e r; 
m e th y l-n -h ex an o ate , m e th y l-n -o c ta n o a te , m e th y l-n -d ec an o a te , and 
m ethyl la u r a te  (Table 3 .7 ) .
O xygen-containing Compounds
A fla to x in  M produced a ty p e  I  s p e c t r a l  i n te r a c t io n  w ith  h am ster
.  'h e p a tic  microsomes accompanied by th e  fo rm ation  o f an a b so rp tio n
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peak in  th e  range o f  385-395 nm, and a tro u g h  a t  about 425 nm.
I t  was n o tic e d  th a t  a very  low c o n c e n tra tio n  o f th e  compound could
produce a ty p e  I  s p e c t r a l  change. The b in d in g  a f f i n i t y  o f  t h i s
in te r a c t io n  was very  h igh  compared to  o th e r  type I  compounds s tu d ie d .
The s p e c t r a l  d is s o c ia t io n  c o n s tan t c a lc u la te d  fo r  th e  in te r a c t io n
o f  a f la to x in  M w ith  ham ster h e p a tic  microsomes was about 5 y M. A 
1
marked d if fe re n c e  in  th e  b in d in g  s p e c tra  o f  a f la to x in s  and 
was found (F igure  3 .3 ) .  IVhilst a f la to x in  i s  a s tro n g  ty p e  I  
b in d e r ,  a f la to x in  B^ produced a weak ty p e  RI spectrum  w ith  a 
va lue  o f  40 mM, an ab so rp tio n  peak a t  about 4l6  nm and a tro u g h  
a t  about 392 nm. (Table 3 .8 ) .
W arfarin  (±) produced a ty p e  RI d if fe re n c e  s p e c tra  w ith  bo th  
ham ster and r a t  h e p a tic  m icrosom es, which was accompanied by th e  
•fo rm ation  o f  an ab so rp tio n  peak a t  420 nm and a tro u g h  a t  about 
390 nm (See C hapter F o u r). -
a-N aphtho l and g-N aphthol were found to  i n te r a c t  w ith  ham ster
h e p a tic  microsomes producing  a ty p e  I  s p e c t r a l  change w ith
K v a lu es  o f  5 .26 x 10 ^ M and 4 .0  x 10 ^ M, r e s p e c t iv e ly ,  s _
3 .2 .2 .  The R e la tio n sh ip  between b in d in g  a f f i n i t i e s  and P a r t i t i o n  
C o e f f ic ie n ts
The decrease  in  v a lu es  o f a p a r t i c u l a r  s e r ie s  o f  compounds 
w ith  th e  in c re a se  in  th e  number o f  carbon atom s, and th e  l i p i d  n a tu re  
o f  cytochrome P-450, su g gested  a p o s s ib le  r e la t io n s h ip  betw een 
v a lu es  and p a r t i t i o n  c o e f f ic ie n t s .
A good c o r re la t io n  was observed  between l i p o p h i l i c i t y  o f  th e  
s t r a ig h t  chain  a lky lbenzenes and t h e i r  v a lu es  (F igu re  3 .4 ) .
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E quation  (3 .1 )  was found to  h o ld  fo r  lo g  v . lo g  P p lo t  w ith  
to lu e n e , e th y lh en zen e , h u ty lh en zen e , and hexy lbenzene, hu t not 
w ith  th e  branched ch a in  compounds isopropy lbenzene and t e r t . -  
b u ty lb e n z en e .
lo g  K = -  1.987  lo g  P + 3.376  . . . . .  (3 .1 )
• s
n = 4 ; r  = O.989
Equation (3 .2 )  ta k e s  in to  account a l l  a lky lbenzenes s tu d ie d ,  and 
fo r  t h a t  reaso n  i t  can be used to  d e sc r ib e  th e  e f f e c t  o f  iso p ro p y l-
I * .benzene and t e r t .-b u ty lb en zen e  on th e  c o r r e la t io n  c o e f f i c i e n t .
lo g  K = -  1.922  lo g  P '+ 3.253  . . . . .  (3 .2 )
n = 6 ; r  = O.967
-The s t r a ig h t  l in e  r e la t io n s h ip  between lo g  and lo g  P was found 
to  h o ld  fo r  a number o f  o th e r  compounds; cyclohexane, m ethylcyclohexanc 
e th y lc y c lo h e x a n e , b u ty lc y c lo h ex a n e , .n ap h th a len e , t e t r a l i n ,  d e k a lin , 
a -n a p h th o l, and g -n a p h th o l, in  a d d itio n  to  th e  a lk y lb en zen es  o f  
eq u a tio n  (3 .1 ) .  Equation (3 .3 )  was found to  ho ld  fo r  lo g  v . lo g  P 
p lo t  w ith  a l l  th o se  compounds (F igure  3 .5 ) .
lo g  Kg = -  1.560  lo g  P + 1.072  . . . . .  (3 .3 )
n = 13; r  -  O.966
A v ery  s im ila r  c o r r e la t io n  between b in d in g  a f f i n i t y  and l i p o p h i l i c i t y  
was a lso  found w ith  a s e r ie s  o f  hydrocarbons c o n ta in in g  e i t h e r  more 
th an  two r in g s  o r u n -fu sed  r in g  s t r u c tu r e .  E quation  (3 .^ )  was found 
to  re p re se n t th e  r e la t io n s h ip  o f  a lo g  K^  v . lo g  P p lo t  fo r  b ip h e n y l, 
p h en an th ren e , d iphenylm ethane, cy clohexy lbenzene , and d ic y c lo h ex y l 
(F igure  3 .6 ) .
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lo g  Kg = -  1.556  lo g  P + 1.058    (3 .4 )
n = 5 ; r  = 0.996
A lip h a tic  carbam ates a re  an o th er s e r ie s  o f compounds g iv in g  
a h igh  b in d in g  a f f i n i t y  w ith  th e  in c re a se  in  p a r t i t i o n  c o e f f i c i e n t .  
In  F igure  ( 3 .7 ) ,  th e  lo g  K  ^ v a lu e  fo r  each carbam ate was p lo t te d  
a g a in s t  lo g  P. A re g re s s io n  l i n e  f i t t e d  to  th e  d a ta  fo r  th e  s t r a ig h t  
ch a in  homologues s e r ie s  in c lu d in g ; b u ty l , p e n ty l ,  h e x y l, h e p ty l ,  
o c ty l ,  and d ecy l carbam ates gave eq u a tio n  (3 .5 ) .
lo g  K = -  1.591  lo g  P + 3.1*97   (3 . 5 )
- S
n = 6 ; r  = O.987
When th e  d a ta  fo r  th e  branch  chain  compounds, t e r t . - p e n ty l  and 
t e r t .-h e x y l carbam ates, and benzy l carbam ate i s  in c lu d ed ^ th e  
eq u atio n  becomes :
lo g  Kg = -  1.553  lo g  P + 3.54     (3 .6 )
n = 9 ; r  = 0 .9 0 7
Charged compounds such as th e  a l ip h a t i c  c a rb o x y lic  a c id s ,  
a ls o  show a good c o r r e la t io n  between b in d in g  a f f i n i t y  and p a r t i t i o n  
c o e f f ic ie n t .  E quation  (3 .7 )  was found to  h o ld  fo r  th e  lo g  K v . 
lo g  P p lo t  w ith  h e p ta n o ic , o c ta n o ic , nonano ic , d ecan o ic , and 
undecanoic a c id s .
lo g  Kg = -  1.317  lo g  P + '1 .1 3 4  . . . . .  ( 3 . 7 )
n = 5; r  = 0.93
However th i s  eq u a tio n  (3 .7 )  d id  no t f i t  th e  in te r a c t io n  o f  l a u r i c  
a c id  and m y r is tic  a c id s  w ith  P -450, s in c e  th e  decrease  in  t h e i r
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Kg v a lu es  was very  sm all compared to  th e  in c re a se  in  t h e i r
p a r t i t i o n  c o e f f ic ie n t s .  N e ith e r could  i t  ex p la in  th e  b in d in g
o f  hexanoic a c id , which showed an unexpected  h igh  Kg v a lu e , fo r
i t s  p o s i t io n  on th e  lo g  P -  s c a le  (F igure  3 .8 ) .
E s te r i f i e d  f a t t y  a c id s  such as m e th y l-n -h ex an o ate , 
m e th y l-n -o c ta n o a te , m e th y l-n -d ecan o a te , and m ethyl la u r a te  
(F igure  3 .9 )  a lso  showed a good c o r r e la t io n  between lo g  Kg and 
lo g  P.
lo g  Kg = -  2 .689 lo g  P + 5.576     (3 .8 )
n = 4 ; r  = 0 .99
3 . 2 . 3 . The E f fe c t o f In d u c tio n  on S p e c tra l  I n te r a c t io n
P re trea tm e n t o f  ham sters w ith  phenobarb itone  in c re a s e d  th e
am plitude o f th e  s p e c t r a l  changes produced by ty p e  I  compounds.
The AA (AO.D.) c a lc u la te d  from peak to  tro u g h  a t  c e r ta in
c o n c e n tra tio n  o f  a drug when added to  phenobarbitone-m icrosom es
showed an in c re a se  o f  3” 5 'tim e s  a g a in s t  c o n t r o ls . For example
b ip h e n y l, which produced a ty p e  I  in te r a c t io n  w ith  norm al
m icrosom es, showed a s im ila r  in te r a c t io n  w ith  p h en o b arb ito n e-
microsomes w ithou t any s ig n i f ic a n t  change in  e i th e r  th e  a b so rp tio n
peak o r th e  tro u g h . The A^^^ v a lu e  in  phenobarbitone-m icrosom es
was two tim es h ig h e r th a n  th a t  w ith  norm al m icrosom es, a lth o u g h
th e re  was no in c re a se  in  K v a lu e . Cyclohexylbenzene showeds
s im ila r  in te r a c t io n  to  t h a t  o f b ip h e n y l, whereas d ic y c lo h ex y l 
behaved a ty p ic a l ly  g iv in g  a Kg v a lu e  o f  about 40 y M w ith  
phenobarbitone-m icrosom es compared to  88 yM w ith  normal microsom es,
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S a tu ra te d  hydrocarbons such a s : cyclohexane, e th y lcy c lo h ex an e , 
and b u ty lcy c lo h ex an e , behaved in  a s im ila r  manner to  t h a t  o f  . 
b ip h en y l and cyclohexylbenzene. They e l i c i t  a ty p e  I  s p e c t r a l  
i n te r a c t io n  g iv in g  approx im ate ly  id e n t ic a l  v a lu es  fo r  fo r  c o n tro l  
and phenobarbitone-m icrosom es (Table 3 .9 ) .
The e f f e c t  o f  p re tre a tm e n t o f  ham sters w ith  3~MC on th e
ty p e  I  b in d in g  s i t e  was s tu d ie d  u s in g  hydrocarbons such a s : b ip h e n y l,
cyclohexy lbenzene, d ic y c lo h e x y l, cyclohexane, e th y lcy c lo h ex an e ,
and b u ty lcy c lo h ex an e . A ll  th e se  compounds produced a ty p e  I  d if f e r e n c e
s p e c tra  w ith  3-MC-microsomes, g iv in g  a ty p ic a l  peak a t  about 385 nm,
b u t showing a 5 nm s h i f t  tow ards s h o r te r  w avelength in  th e  tro u g h
compared to  normal o r phenobarbitone-m icrosom es (F igu re  3 .1 0 ) .
The A -^330-420 fo r  th e  in te r a c t io n  o f 1 mM o f b ip h e n y l
w ith  3-MC-microsomes d id  no t show any in c re a se  a g a in s t  c o n tr o ls .
S im ila r  o b se rv a tio n  was made fo r  A and K v a lu e s . A ll  th emax s
compounds s tu d ie d  showed a s im ila r  t r e n d  to  t h a t  o f u n tre a te d  
m icrosom es, t h a t  i s  a d ecrease  in  t h e i r  K v a lu es  w ith  in c re a s in g  
p a r t i t i o n  c o e f f ic ie n t .
The e f f e c t  o f 3“MC p re tre a tm e n t on ty p e  I  b in d in g  was 
f u r th e r  t e s t e d  w ith  compounds c o n ta in in g  fu n c tio n a l  g ro u p s , such 
as a l ip h a t ic  c a rb o x y lic  a c id s  and m ethyl e s t e r s .  M ethyl h ex an o a te , 
m ethyl o c tan o a te  and o c tan o ic  a c id ,  a l l  produced a ty p e  I  s p e c t r a l  
in te r a c t io n 'w i th  bo th  norm al and 3-MC-microsomes, showing an 
a b so rp tio n  peak a t  about 385-390 nm w ith  bo th  p r e p a r a t io n s , b u t , 
l i k e  th e  hyd rocarbons, a s h i f t  in  th e  tro u g h  tow ards s h o r te r  
w avelength  when th e  in te r a c t io n  w ith  3-MC-microsomes was compared 
to  c o n tro ls  (F igure  3 .1 1 ) .
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The r e la t io n s h ip  which was e s ta b l is h e d  between lo g  v . lo g  P 
fo r  a number o f  compounds w ith  c o n tro l  microsomes was found to  ho ld  
w ith  bo th  phenobarb itone  and 3~M C-pretreated h am sters .
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Table 3.1
S p ec tra l in te r a c t io n  o f  some n itr o g e n -c o n ta in in g  compounds 
t o  ham ster h ep a tic  m icrosom es.
Compound Type o f b in d in g K X 10 ^ M^  s
A n ilin e  . I I 5.50
B enzidine I I 0 .5 3
N -M ethy lp iperid ine I I 15.00
4 -M eth y lp ip e rid in e I I 8 .70
4 ,4  - b ip y r id y l I I 11.00
5-Aminoi so q u in o lin e I I 0 .10
Cyclohexylam ine I I 66.00
H istam ine I I 25.00
p -N itro a n is o le I 4 .20
O ctylcarbam ate I 5.00
ANS I 6 .50
a Mean o f d e te rm in a tio n s  from 2 an im als.
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Table 3.2.
K in e tic s  o f  th e  type  I  in te r a c t io n  o f  benzene and i t s
a lk y l  d e r iv a t iv e s  to  cytochrome P-450^.
Compound
- l i  b
K X 10 M s Amax
(a X 10 /2  mg)
Benzene
Toluene
E thylhenzene
B utylbenzene
n-Hexylbenzene
iso -P ropy lbenzene
t e r t . -B uty lbenzene
75.00
11.00 ± 1.00
4.60  ± 0.40* 
1 .40  ± 0.15* 
0.62  ± 0.10* 
2.90  ± 0 .25
1.60  ± 0 .10
4 .30
4.56 ± 0.75 
3.03  ± 0.50  
4.76  ± 0.90  
3.18  ± 0.80  
5.55  ± 0.50  
5.71  ± 0 .4 2
a V alues a re  mean ± S.D. o f 3 exp erim en ts , excep t fo r  benzene, 
where v a lu es  re p re se n t th e  mean o f  2 d e te rm in a tio n s .
S tu den ts  ^  t e s t  was a p p lie d  comparing th e  r e s u l t s  o f  each
compound w ith  t h a t  o f  th e  p reced in g  one, P 0 .001
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Table 3.3.
K in e tic s  o f th e  ty p e  I  s p e c t r a l  in te r a c t io n  o f cyclohexane
and i t s  a lk y la te d  d e r iv a t iv e s  w ith  cytochrome P-450^.
Compound -kK X 10 M s Amax
(a X 10 /2  m g )
Cyclohexane
M ethylcyclohexane
E thylcyclohexane
B utylcyclohexane
9 .0  ± 1.50
6 .0  ± 0.75*
**
2 .8  ± 0 .35
***
0 .7  ± 0 .15
4 .70  ± 0 .65  
4 .00  ± 0 .40  
3 .60 ± 0 .5 0  
1 .80  ± 0 .30
Values a re  mean ± S.D. o f 3 experim ents
S tuden ts  ;b t e s t  was a p p lie d  comparing th e  r e s u l t s  o f each compound
* ** *** 
w ith  t h a t  o f  th e  p reced ing  one P < 0 .0 5 , P < 0 .0 1 , P < 0 .001
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Table 3.4.
K in e tic s  o f th e  ty p e  I  in te r a c t io n  o f tw o -r in g  (o r more)
hydrocarbons to  cytochrome P-450^.
Compound —4K X 10 M s Amax_
(A X 10 /2  mg)
B iphenyl 5 .00  ± 0 .55 7 .20  ± 1 .1 0
Phenanthrene 3 .07  ± 0 .25 5.20  ± 0 .50
Diphenylmethane 2.50  ± 0.15 3.00  ± 0 .15
Cyclohexylbenzene 2.20  ± 0 .20 2.40  ± 0 .20
D icyclohexyl 0 .88  ± 0 . l4 0 .8 7  ± 0 .09
N aphthalene 3.40 ± 0 .20 3.36  ± 0 .4 3
T e t r a l in 1.90  ± 0 .11 4 .50  ± 1 .00
D ekalin 1 .10  ± 0 .05 3.46  ± 0 .35
Fluorene 1 .40  ± 0 .10 3.80  ± 0 .30
P erh y d ro flu o ren e 0 .7 9  ± 0 .05 2 .20  ± 0 .40
Values a re  mean ± S.D. o f  3 experim ents
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Table 3.5.
K in e tic s  o f b in d in g  o f a l ip h a t ic  c a rb o x y lic  a c id s  to  
cytochrome P-450^.
Compound . Type o f 
b in d in g
K X lO" s M
(a X
Amax
10 ^72 mg)
P ro p io n ic  a c id N.D.^ - -
B u ty ric  a c id N.D. - -
Hexanoic a c id I 85.00  ± 10.0 1 .9 ± 0 .30
H eptanoic a c id I 21.00  ±
*
3 .0 1 .3 ± 0 .20
O ctanoic a c id I 3.45  ±
*
0.50 1 .7 ± 0.15
Nonanoic a c id I 1 .61  ±
**
0.15 1 .1 ± 0 .1 0
Decanoic a c id I 1.28  ±
***
0.15 1 .6 ± 0 .10
Undecanoic a c id I 0 .78  ± 0.08 2 .0 ± 0 .4 0
L au ric  a c id I 0 ,79  ± 0.07 1 .3 ± 0.15
, M y ris tic  a c id I 0 .67  ± 0.05 1 .3 ± 0 .10
Values a re  mean ± S.D. o f 3 experim ents
N.D. No d e c ta b le  b in d in g  s p e c tra
S tuden ts  ;t t e s t  was a p p lie d  comparing th e  r e s u l t s  o f  each compound w ith
* ** *** 
th a t  o f th e  p reced in g  one P < 0 .0 0 1 , P < 0 .0 1 , P < 0 .05
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Table 3.6.
K in e tic s  o f  th e  in te r a c t io n  o f carbam ates (R-O-CO-NH^) w ith
cytochrome P-450^.
R Group Type o f 
b in d in g
-4K x 10 M s Amax
A X 10 /2  mg
M ethyl N.D^ - —
E th y l N.D. -
P ropyl N.D. — -
n -B u ty l I 19.00 3.45
n -P en ty l I 9 .30 3.33
n-Hexyl I 5.00 3.45
n-H ep ty l I 1 .70 4.76
n-O cty l I 0 .71 5.26
n-D ecyl I 0 .35 6.45
; t i-P e n ty l I 9 .50 3.12
-H exyl I 7 .40 3.23
Benzyl I 19.00 3.85
Mean o f  d e te rm in a tio n s  from 2 anim als range was in  a l l  cases  ^ 5%
N.D. no d e te c ta b le  b in d in g  s p e c tra
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Table 3.7.
K in e tic s  o f  in te r a c t io n  o f a l ip h a t ic  m ethyl e s t e r s  to
cytochrome P-450^.
Compound Type o f 
b in d in g
—4K X 10 . M s Amax
A X 10” ^ /2  mg
M eth y l-n -b u ty ra te N.D^ - —
M ethyl-n-hexanoate I 12 .5  ± 1 .00 8 .80  ± 0 .70
M eth y l-n -o c tan o a te I 5 .5  ± 0.50* 8 . 6 0 + 0.50
M ethyl-n-decan 'oate I
*
2.10+ 0 .30 7 .20  ± 1 .0
M e th y l-n - la u ra te I
**
1.00± 0.10 -
Values a re  mean ± S.D. o f  3 experim ents
N.D. No d e te c ta b le  b in d in g  s p e c tra
S tu d en ts  ;b t e s t  was a p p lie d  comparing th e  r e s u l t s  o f  each compound w ith
* **
th a t  o f  th e  p reced in g  one P < 0 .0 0 1 , P < 0 .01
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Table 3.8.
S p e c tra l  in te r a c t io n  o f some oxygen-con tain ing  
compounds to  cytochrome P-450.
Compound Type o f 
b in d in g
K X l o " ^  M^  s
a-N aphthol I 5.26
3-N aphthol I 3.70
(±)W arfarin RI 0 .88
A fla to x in RI 400.00
A fla to x in  M^ I 0.05
a Mean o f d e te rm in a tio n s  from 2 an im a ls , range was in  a l l  
cases  < 10^
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Figure 3.1
Spectral interaction of 3,4-benzpyrene and 
3-methylcholanthrene with hamster hepatic microsomes
366 430
I
0 .0 3  A
i
\
390 420
(a) Baseline
(b) The interaction of 3,4-benzpyrene
(c) The interaction of 3-methylcholanthrene
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Figure 3.2
Spectral interaction of 7 ,12-dimethylbenzanthracene 
with hamster hepatic microsomes
0 .0 2  A
d
350 380 410 440
Wavelength (nm)
470
(a) Baseline
(b )  2  ( c )  8  juiM , (d )  1 2
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F igu re  3 .3 .
S tr u c tu r a l  form ulae o f some o f th e  compounds s tu d ie d .
0 0 ^ 0
OCH,
OH
OCH.
A fla to x in  B, A fla to x in
Benzo[a Ipyrene 3-M ethy lcho lan th rene
I
OH,
CH-
H
N -M ethy lp iperid ine 4 -M ë th y lp ip e rid in e
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Figure 3 .4
The relationship between log K„ and log P of alkylbenzenes
Ethyl te r t .-
benzene Butylbenzene
Toluene
iso-
Propylbenzene Butylbenzene Hexylbenzene
K
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10
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10 10 10" 10 '
Partition Coefficient
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Figure 3.5
The relationship between log Kg and log P of a series of 
aromatic and alicyclic compounds
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Figure 3.6
9k
The relationship between log Kg and log P 
of two or more ring compounds
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Figure 3.7
The Relationship between log Kg and log P of carbamates 
(R - O — CO “ NH9)
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HexPent.t-Pent
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Figure 3.8
The re la tio n sh ip  b etw een  lo g  Kg and lo g  P  
of a liph atic  carb oxy lic  ac id s
H exanoic O ctanoic D ecan o ic
H eptanoic Nonanoic U ndecanoic
10
-2s
K
10 -3
10 -4
10-5
10 ' 10 * ^  '  10 - 
P a rtitio n  C oeffic ien t
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Figure 3.9
Methyl
hexanoate
The relationship between log Kg and lop P 
of fatty acids methyl esters
Methyl 
decanate
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Figure 3.10
Effect of 3-methylcholanthrene and sodium phenobarbitone 
treatment of hamsters on drug binding to microsomal haemoprotein
D1 A
380 400 420 440 380
Wavelength (nm)
400 420 440
The concentration of ethylcyclohexane was 0.3 mM
(a) Baseline
(b) Spectral interaction with phenobarbitone-microsomes
(c) Spectral interaction with 3-methylcholanthrene-microsomes.
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Figure 3.11
Spectral interaction of methyl-n-octanoate with untreated 
and 3-methylcholanthrene-pretreated hamster hepatic microsomes
350 380 410 440
Wavelength (nm)
470
.The concentration of methyl-n-octanoate was 1 .7  mM
(a) Baseline
(b) and (c) are spectral interactions with untreated and
3 -methylcholanthrene -m icr osome s, respectively.
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Figure 3.12
K,
Relationship between log Kg v. log P of some barbiturates^
Cyclobarbital Amob^bital
Vinabarbital y^utobarbital
 I
entobarbital
Phénobarbital Heptabarbital
10 -3
Correlation coefficient = 0.827
10
-4
10
10
Partition Coefficient
Data were taken from Jansson et al. (1972)
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3 .3 . DISCUSSION
A v id e  v a r ie ty  o f  o rg an ic  compounds have been used to  s tudy  
th e  s t r u c tu r a l  req u irem en ts  o f type  I ,  ty p e  I I ,  and ty p e  RI b in d in g  
s i t e s .  I t  would appear from th e s e  s tu d ie s  th a t  s a tu r a te d  and a rom atic  
hyd ro carb o n s, as w e ll as some a l ip h a t ic  ca rb o x y lic  a c id s , e s t e r s ,  
and carbam ates produce a ty p e  I  s p e c t r a l  change w ith  ham ster l i v e r  
m icrosom es, whereas ty p e  I I  s p e c t r a l  in te r a c t io n  on ly  occur between 
some n itro g e n -c o n ta in in g  compounds and th e  m icrosomal su sp en sio n .
A Type I I  s p e c t r a l  in te r a c t io n  has been suggested  to  be due to  
ferrihaem ochrom e fo rm ation  caused by d i r e c t  in te r a c t io n  o f  th e  haem 
iro n  w ith  a b a s ic  n itro g e n  o f th e  added compound (Schenkman, 1970; 
Schenkman ^  I 967). Gorrod ejb ^  (1971 ) concluded t h a t  th e
ty p e  I I  spectrum  i s  a r e s u l t  o f  bo th  s t e r i c  and b a s ic  f e a tu re s  o f 
th e  n itro g e n  atom and may be in f lu e n c e d  by th e  l ip o p h i l i c  n a tu re  o f  
th e  m olecu le. I t  i s  l i k e ly  t h a t  th e  a b i l i t y  o f a compound to  produce 
a ty p e  I I  s p e c ta l  in te r a c t io n  depends on th e  a v a i l a b i l i t y  o f  th e  
unshared  p a i r  o f  e le c tro n s  on th e  n itro g e n  atom, which i s  d i r e c t l y  
r e l a t e d  to  i t s  b a s ic i ty .  Resonance, in d u c tiv e  e f f e c t  and s t e r i c  
h indrance  a re  o b v iously  most im portan t f a c to r s  in  d e term in ing  b a s i c i t y  
(March, I 968 ; Sykes, I 965) .
A n ilin e  and b e n z id in e , (which a re  known to  have a b a s ic  n i tro g e n  
atom) produced s tro n g  ty p e  I I  i n t e r a c t io n s ,  b u t b en z id in e  had a 
b in d in g  a f f i n i t y  about one o rd e r o f  m agnitude g re a te r  th an  th a t  o f  
a n i l in e .  O ther b a s ic  compounds, such a s : h is ta m in e , cy c lohexy lam ine ,
5-a m in o iso q u in o lin e 9 4 , 4 ' - b ip y r id y l , R -m e th y lp ip e rid in e , and
4 -m e th y lp ip e rid in e  a lso  in te r a c te d  w ith  l i v e r  microsomes to  g iv e  a 
ty p e  I I  d if fe re n c e  spectrum  (Table 3 .1 ) ,  b u t o th e r n i tro g e n -c o n ta in in g
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compounds e .g .  p - n i t r o a n i s o le , a l ip h a t ic  carbam ates, showed a
s tro n g  type  I  in te r a c t io n ,  su p p o rtin g  th e  view th a t  only  compounds
c o n ta in in g  a v a ila b le  unshared  p a i r  o f  e le c tro n s  can in t e r a c t  w ith
th e  ty p e  I I  b in d in g  s i t e .  This view has a lso  been proposed by
Mailman, e;b a d , (1974) who su ggested  th a t  n itro g e n -c o n ta in in g  compounds
2 3in  which th e  n itro g e n  i s  p r im a r i ly  an sp or sp h y b rid  and in  which 
th e  nonbonded e le c tro n  p a i r  i s  a c c e s s ib le  may produce ty p e  I I  s p e c tra .
S ev e ra l compounds have been shown to  g ive  an a p p a re n tly  m od ified  
s p e c t r a l  change when added to  h e p a tic  microsomes (peak a t  420, o r l e s s ,  
and tro u g h  a t  about 390 nm). S ince th i s  a b so rp tio n  maximum does no t 
f i t  th e  d e f in i t io n  given to  a ty p ic a l  ty p e  I I  s p e c t r a l  change, t h i s  
ty p e  o f  in te r a c t io n  has been c a l le d  a m odified  ty p e  I I  (Schenkman 
e t  a d , 1967) or in v e rse  ty p e  I  (D ieh l a t  1970). This ty p e  o f 
in te r a c t io n  has been r e c e n t ly  renamed re v e rse  type  I  because i t  has 
been claim ed th a t  i t  does no t in vo lve  b in d in g  d i r e c t ly  to  th e  haem 
iro n  (O rrenius ^  1971; Schenkman e t  a l ,  1972). In  c o n f l i c t
w ith  t h i s  view . Mailman e t  ^  (1974) have suggested  th a t  th e  c r i t e r i a  
e s ta b l is h e d  fo r  th e  type  I I  b in d in g  o f n itro g e n -c o n ta in in g  compounds 
may a ls o  be met by o th e r  n u c le o p h ilic  atom s, such as th o se  in  m olecu les 
c o n ta in in g  s t e r i c a l l y  a c c e s s ib le  oxygen atoms which g ive  a ty p e  RI 
spectrum . Our r e s u l t s  do no t su pport th e  view o f  Mailman, e t  a l
(1974 ) . A fla to x in  B shows a ty p e  RI s p e c t r a l  in te r a c t io n  w ith  an
■ ^  . 
ab so rp tio n  peak a t  about 4 l6  nm, w h ile  d i f f e r e n t  c la s s e s  o f  oxygen
c o n ta in in g  compounds rang ing  from f a t t y  a c id s , to  m ethyl e s t e r s  and
a l ip h a t ic  carbam ates show a c l a s s i c a l  ty p e  I  b in d in g  s p e c tr a .  I f
th e  fo rm ation  o f  type  RI spectrum  was dependent on th e  s t e r i c a l l y
a c c e s s ib le  oxygen atom, th en  a f l a t  ox in  , a -n a p h th o l, and
g -n ap h th o l would be expected  to  g ive  a ty p e  RI in s te a d  o f  th e
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observed  type  I  in te r a c t io n .  S im ila r ly , Mailman' s e t  a l  su g g es tio n  
does no t e x p la in  th e  in te r a c t io n  o f 4-am inobiphenyl and 4-hydro:xy- 
b ip h e n y l, in  which a ty p e  I I  in te r a c t io n  was found w ith  th e  fo rm er, 
and ty p e  I  w ith  th e  l a t t e r  (B ridges & B urke, 1971).
The s t r u c tu r a l  req u irem en ts  o f  th e  ty p e  I  b in d in g  s i t e  was 
s tu d ie d  u sin g  a wide v a r ie ty  o f  hydrocarbons and oxy g en -co n ta in in g  
compounds. Benzene has been re p o r te d  n o t to  cause a d e te c ta b le  
s p e c t r a l  change w ith  r a t  o r r a b b i t  l i v e r  microsomes (Im ai & S a to ,
1966 a ) a t  a c o n c e n tra tio n  o f 10 mM, b u t to  i n t e r a c t  w ith  mouse
-4  /l i v e r  microsomes g iv in g  a v a lu e  o f 5 .4  x 10 M (Gonasun e t  a l ,
1973 ). Our s tu d ie s  on th e  in te r a c t io n  o f benzene w ith  ham ster
h e p a tic  microsomes have shown th a t  low c o n c e n tra tio n s  o f th e
compound (up to  0 .5  riM) do n o t produce a d e te c ta b le  s p e c t r a l
i n t e r a c t io n ,  whereas a c l a s s i c a l  ty p e  I  .spectrum  i s  seen as th e
c o n c e n tra tio n  is . in c re a se d  to  1 mM. However, cyclohexane shows
a ty p e  I  in te r a c t io n  a t  low c o n c e n tra tio n s  (O .l mf^). The
Linew eaver-Burk p lo t  fo r  th e  d if fe re n c e  s p e c t r a l  in t e r a c t io n  o f
cyclohexane showed th a t  a s in g le  re g re s s io n  l in e  cou ld  be ad eq u a te ly
f i t t e d  to  th e  ex perim en ta l d a ta . S im ila r  p lo ts  on th e  k in e t i c s  o f  th e
ty p e  I  in te r a c t io n  o f  b ip h en y l and m ethy l-n -hexanoate  however d is p la y
a bim odal shape , p re se n tin g  two K v a lu es  fo r  t h e i r  in t e r a c t io ns
w ith  th e  m icrosom al su sp en sio n . These o b se rv a tio n s  a re  in  agreem ent 
w ith  th o se  o f  Burke (1972) who found b ip h a s ic  in te r a c t io n  betw een 
b ip h en y l and ham ster h e p a tic  m icrosom es. Bimodal k in e t i c s  were 
p re se n te d  as evidence fo r  combined h ig h -  and lo w - a f f in i ty  P-450 
in te r a c t io n s  w ith  cyanide (G aylor ^  a l , ' 1970; Shim akata ejt 1 971 ), 
a  s im ila r  o b se rv a tio n  has been made f o r  th e  in te r a c t io n  o f  some 
im idazo les w ith  r a t  h e p a tic  microsomes (D ic k in s ,.1 9 7 5 ) . B ip h asic
in te r a c t io n ,  may th u s  in d ic a te  more th an  one b in d in g  s i t e  fo r
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compounds l ik e  b ip h en y l. However, th e  o th e r  compounds p re se n te d  
in  t h i s  c h a p te r , behaved in  a s im i la r  manner to  t h a t  o f 
cyclohexane , a lthough  d e v ia tio n s  from th e  k in e t ic  p lo ts  a t  very  
low c o n c e n tra tio n s  (< O.O5, mî4) were observed  fo r  many compounds, 
b u t t h i s  could  be due to  th e  d i f f i c u l t i e s  accompanying th e  
c a lc u la t io n  o f  very  sm all changes in  o p t ic a l  d e n s ity .
Changing th e  tem p era tu re  o f  th e  medium from 22° to  37° d id  
no t produce any d e te c ta b le  e f f e c t  e i th e r  on th e  ty p e  o f  th e  
s p e c t r a l  in te r a c t io n  o r th e  v a lu es  o f a  number o f  compounds, so 
th a t  AH v a lu es  cannot be c a lc u la te d  (A rrh en iu s , 1889).
The b in d in g  a f f i n i t y  in c re a s e s  w ith  an in c re a se  in  th e  number 
o f  s id e -c h a in  carbon atoms a tta c h e d  to  benzene. The low est 
K va lu e  determ ined  fo r  a lky lbenzenes i s  f o r  n-hexylbenzene which 
has a v a lu e  o f o2 yM. The d ecrease  in  value  w ith  in c re a s in g  
number o f carbon atoms i s  found a lso  w ith  a l ip h a t ic  c a rb o x y lic  
a c id s  (C^ -  C^g), m ethyl e s te r s  (C^ -  C^^) ,  a lk y lc y c lo h e x a n e s , and 
a l ip h a t ic  carbam ates (C^  ^ -  C^^ ) . A m ajor obvious p ro p e r ty  change 
w ith  th e  in c re a s e  in  th e  number o f  carbon atoms in  p a r t i c u l a r  
chem ical s e r ie s  i s  an in c re a se  in  th e  o c tan o l/aq u eo u s s o lu t io n  
p a r t i t i o n  c o e f f ic ie n t  (C u rrie  a l , I 966 ; F u j i t a  e t  a l ,  1964; 
Hansch & Anderson, I 967 ; Iwasa a l 9 I 965) .  Thus our r e s u l t s  
imply a c le a r  r e la t io n s h ip  between p a r t i t i o n  c o e f f ic ie n t  and 
b in d in g  a f f i n i t i e s .
. A s tro n g  c o r r e la t io n  between lo g  v . lo g  P i s  observed  f o r  
th e  s t r a ig h t  chain  o f  a lk y lb en zen es , b u t th e  re g re s s io n  l i n e  does 
no t f i t  th e  b ran ch ed -ch a in  compounds isopropy lbenzene  and t e r t . -  
b u ty lb en zen e . A lthough th ey  showed h ig h e r  v a lu es  th a n  t h e i r  
s t r a ig h t  chain  an a lo g u es , th ey  appear to  b in d  b e t t e r  i f  t h e i r
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p a r t i t i o n  c o e f f ic ie n ts  a re  tak en  in to  c o n s id e ra tio n . A s im ila r
case  was found fo r  b ran ch ed -ch a in  a l ip h a t ic  carbam ates. The
value  o f t e r t . -p e n ty l  and t e r t .-h e x y l carbam ates were h ig h e r th a n
t h e i r  norm al chain  compounds. These a b n o rm a litie s  in  th e  b in d in g
o f  branch  chain  compounds, p ro b ab ly , in d ic a te  th e  c o n tr ib u tio n
o f  a s t e r i c  f a c to r  to  b in d in g , which may suggest t h a t  e i t h e r  th e
p a r t i t i o n  c o e f f ic ie n t  i s  no lo n g e r a de term inan t fo r  th e  in te r a c t io n
o f  th e se  compounds w ith  P-450, o r a new s t e r i c  f a c to r  c o r re c t io n
in  a d d itio n  to  th a t  suggested  by Hansch should  be in tro d u c e d . The
c o r r e la t io n  o f lo g  v . lo g  P was a lso  found to  h o ld  fo r  th e  s e r ie s
o f b ip h en y l,d ip h en y lm eth an e , p h en an th ren e , cyclohexy lbenzene , and
d ic y c lo h ex y l. Whereas two s e p a ra te  re g re s s io n  l in e s  were observed
fo r  m ethyl e s te r s  (C^ -  and a l ip h a t ic  c a rb o x y lic  a c id s  (C^ -  .
Hexanoic a c id ,  which gave a ty p e  I  s p e c t r a l  in te r a c t io n  w ith
ham ster l i v e r  microsomes , showed a h igh  value  th an  would be
expected  from p a r t i t i o n  c o e f f ic ie n ts  a lo n e , thus th e re  i s  a. brealc
in  th e  log  v . lo g  P fo r  th e  f a t t y  a c id s ,  whereas no s im i la r
b reak  was found fo r  th e  in te r a c t io n  o f  th e  m ethyl e s te r s  analogues
o r th e  carbam ates. However, in  s tu d y in g  th e  b in d in g  o f  th e  f a t t y
a c id  an ions : v a le r a te ,  hex an o a te , h ep tan o a te  and o c tan o a te  to
Bovine Serum Albumin u sin g  th e  u l t r a f i l t r a t i o n  techn ique. Brown (1975)
found th a t  th e se  an ions b in d  to  two c la s s e s  o f  b in d in g  s i t e s ,  a  h ig h
a f f i n i t y  c la s s  w ith  one o r two b in d in g  s i t e s  and a low a f f i n i t y  c la s s
w ith  approx im ate ly  te n  b in d in g  s i t e s .  The a f f i n i t y  c o n s ta n ts  f o r
bo th  th e  h igh  and low a f f i n i t y  c la s s e s  in c re a se  s te a d i ly  w ith  in c re a s in g
ch a in  le n g th  over th e  range to  w ith  good c o r r e la t io n  w ith  lo g  P.
Brown (1975) a lso  found th a t  o c ta n o a te , shows u n ex pec ted ly  h ig h
a f f i n i t y  e s p e c ia l ly  in  th e  h igh  a f f i n i t y  s i t e s .  A lthough th e
mechanism o f  th e  b reak  in  lo g  K v . lo g  P p re se n te d  by th e  i n te r a c t io ns
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o f hexanoic a c id  w ith  P-450 i s  unknown, i t  may in d ic a te  t h a t
th e  compound b inds only  to  th e  lo w - a f f in i ty  b in d in g  s i t e .  This
in v e s t ig a t io n  could  no t be ex tended to  a c id s  c o n ta in in g  more th an
e leven  carbon atom s, because o f th e  u n c e r ta in ty  o f  th e  p a r t i t i o n
c o e f f ic ie n t  found. Leo, e t  ad (1971) have re p o r te d  a v a lu e  o f
4 .2  fo r  lo g  P (oc tan o l/aq u eo u s s o lu t io n )  o f  l a u r i c  a c id
(expected  v a l u e 5) su g g es tin g  th a t  when a l ip h a t ic  ch a in s  become
long  enough th a t  may te n d  to  c o i l  up in  s o lu tio n  w ith  th e  fo rm ation
o f  m o lecu lar o i l  d r o p le ts ,  a  phenomenon which has no t been observed
in  th e  n -hep tane/aqueous s o lu t io n  p a r t i t i o n  c o e f f ic ie n t  (Smith &
T anford , 1973). However, m y r is t ic  a c id , which c o n ta in s  two e x tr a
m ethylene groups compared w ith  decanoic a c id , showed a s t a t i s t i c a l l y
s im ila r  va lue  to  th a t  o f  decanoic a c id . F urtherm ore , h ig h
a l ip h a t ic  carbam ates (C^^ ~ ^ l4 ^  showed abnormal s p e c t r a l  changes,
- -
a phenomenon which was a ls o  found w ith  th e  p o ly c y c lic  hydrocarbons : 
Benzo(a )-pyrene and 3 -m e th y lch o lan th ren e . On th e  o th e r  hand a
-5
ty p ic a l  type  I  spectrum  w ith  a v a lu e  o f 4 .5  x 10 M was found 
fo r  DMBA a sm a lle r  va lue  th a n  would have been expected  from 
m o lecu lar c o n s id e ra tio n s . Thus, th e  c o r r e la t io n  betw een lo g  and 
lo g  P, may be co n sid e red  t o  ho ld  on ly  by a c e r ta in  range o f  p a r t i t i o n  
c o e f f ic ie n t  fo r  a p a r t i c u la r  s e r ie s  o f  compounds, and t h i s  c o n cep t, 
p robab ly  e x p la in s  th e  u n d e te c ta b le  o r poor b in d in g  found fo r  ve ry  
lo w - l ip id  so lu b le  compounds.
The c o r r e la t io n  between lo g  K and lo g  P was found , a l s o ,  to  
ho ld  w ith  phenobarb itone  microsomes (Table 3 .9 ) .  In  which 
v a lu es  a re  g e n e ra lly  much la r g e r  th an  in  c o n tro l a n im a ls , and a lso  
u sin g  3“MC microsomes in  which a d i f f e r e n t  form o f  P-450 (P-448) i s  
th e  predom inant cytochrom e. This l a t t e r  o b se rv a tio n  would te n d  
to  imply th a t  th e  n a tu re  o f  th e  b in d in g  s i t e s  i s  n o t fu n d am en ta lly
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d if f e r e n t  in  t h i s  cytochrome which len d s  some sup p o rt to  th e  
concept th a t  P-448 and P-450 may he e i th e r  in te rc h a n g e a b le  or 
a t  l e a s t  v e ry  s im ila r  cytochrome form s.
The in te r a c t io n  o f a l ip h a t ic  carbam ates w ith  e i th e r
ham ster o r  r a t  h e p a tic  m icrosom es, produce no s ig n i f ic a n t  change in  
th e  v a lu es  determ ined  f o r  th e  in te r a c t io n  w ith  e i t h e r  s p e c ie s .  
Thus th e  c o r r e la t io n  between lo g  v . lo g  P i s  found to  h o ld  w ith  
th e se  s p e c ie s . Jansson  e;t aA (1972), u s in g  a homologous s e r ie s  
o f  b a r b i tu r i c  a c id  d e r iv a t iv e s ,  however, found a weak c o r r e la t io n  
between t h e i r  l i p i d  s o l u b i l i t i e s  and th e  b in d in g  a f f i n i t y  to  
cytochrome P-450 ( c o r r e la t io n  c o e f f ic ie n t  = 0 .5 2 ) . I t  i s  n o te ab le  
th a t  i f  one re p lo ts  t h e i r  d a ta  as lo g  a g a in s t lo g  P , ta k in g  
s t r u c tu r a l l y  r e la te d  d e r iv a t iv e s ,  a good c o r r e la t io n  can be 
^obtained (F igu re  3 .1 2 ) . A number o f  r e p o r ts  have appeared  u sin g  
lo g  P p lo ts  (B ird  & M arsh a ll, 1967; Hansch e t  a l ,  1965; Hansch &
Von K au lla , 1970; Helmer e t  a d , I 968 ; K iehs e t  ad , I 966) as has a 
t h e o r e t i c a l  j u s t i f i c a t i o n  fo r  th e  l i n e a r  r e la t io n s h ip  so o f te n  
observed  in  o rgan ic  chem istry  between lo g a rith m s o f  r a t e  and 
e q u ilib r iu m  c o n s ta n ts  (Hammett, 1970; L e f f le r  & Grunwald, I 963 ) .
Canady, eb ad (1974) p re d ic te d  th a t  hydrophobic in te r a c t io n  
i s  th e  g r e a te s t  s in g le  f a c to r  in  th e  b in d in g  o f s u b s t r a te s  to  
h e p a tic  cytochrome P-450. T h e ir su g g es tio n  was based  on th e  
c o r r e la t io n  between AF° and th e  increm ent o f carbon atoms added 
in  a s e r ie s  o f  benzene, e th y lb en zen e , to lu e n e ,]^ y le n e , indene and 
n ap h th a len e . Ichikaw a &' Yamano (1967a) have re p o r te d  t h a t  th e  
t r a n s i t i o n  c o n c e n tra tio n s  used  fo r  th e  conversion  o f  cytochrom e 
P-450  to  P -420, o f  a n i l in e s  and phenols were c lo s e ly  p a r a l l e l e d  
th e  TT v a lu es  o f  th e  o rg an ic  compounds. ■ I t  i s  c le a r  from th e
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r e s u l t s  p re se n te d  in  t h i s  c h ap te r  t h a t  changes in  v a lu es
were e i th e r  in s ig n i f ic a n t  (Tables 3.5 & 3 .7 ) o r no t sy s tem a tic  and
th e re  was no c o r r e la t io n  between A v a lu es  w ith  e i t h e r  p a r t i t i o nmax
c o e f f ic ie n t  o r K v a lu e s .s
CHAPTER FOUR
Use o f F lu o re sc e n t Probes to  In v e s t ig a te  
H epatic  M icrosomal 'D rug ’ B inding S i te s
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4.1. INTRODUCTION
Although many d if fe re n c e  s p e c t r a l  s tu d ie s  have been perform ed, 
l i t t l e  sy s te m a tic  work h as  been c a r r ie d  ou t to  a s c e r ta in  th e  
requ irem en t fo r  type I ,  type  I I ,  and type  RI b in d in g , and our 
p re s e n t u n d e rs tan d in g  o f th e  n a tu re  o f th e  type I ,  type  I I  and 
type  RI b in d in g  s i t e s  i s  th e re fo re  p oo r. I t  i s  a p p a ren t th a t  th e  
development o f tech n iq u es  o th e r  than  d if fe re n c e  s p e c t r a l  s tu d ie s  
a re  n ecessa ry  i f  we a re  to  f u l l y  c h a ra c te r iz e  th e se  b in d in g  s i t e s .
F lu o re sc e n t probe te ch n iq u es  o f f e r  many p o te n t i a l  advan tages 
fo r  th e  s tu d y  o f th e  n a tu re  o f type I ,  type  I I ,  and type  RI b in d in g  
s i t e s ,  b u t have n o t been w idely  used  fo r  t h i s  purpose because o f th e  
la c k  o f s u i ta b le  type I  p ro b es , and th e  n o n - a v a i la b i l i ty  o f ty p e  I I  
and type RI f lu o re s c e n t  p ro b es .
The use  o f f lu o re s c e n t  p robes stem s from th e  e a r ly  work o f 
Weber & Laurence (19^4) who found th a t  s e v e ra l  a n ilin o n a p h th a le n e  
su lp h o n a tes  and a n i l in o a c r id in e s  which were v i r t u a l l y  n o n -f lu o re sc e n t 
in  aqueous s o lu t io n ,  e x h ib ite d  marked enhancement in  l e s s - p o la r  
s o lv e n ts .  I t  was l a t e r  shown th a t  th e se  f lu o re s c e n t  p robes b in d  to  
hydrophobic s i t e s  on th e  p ro te in  m olecu le , th rough n o n -co v a len t 
bonds. They have found co n s id e ra b le  use  a s  p robes o f th e  p o l a r i t y  
o f b in d in g  s i t e s ,  a s  w e ll a s  in d ic a to r s  o f p ro te in  co n fo rm a tio n a l 
changes o c cu rrin g  a t  th e  b in d in g  s i t e s  (Brand & Gohlke, 1972;
DeLuca, 1969; Freedman & Radda, 19^9; McClure & Edelman, I 966 ;
S try e r ,  196^; Turner & B rand, I 968) .
A lthough f lu o re s c e n t  p robes have been e x te n s iv e ly  used  w ith  
p ro te in s  and o th e r  m acrom olecules, on ly  two r e p o r ts  have appeared
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d e sc r ib in g  th e  in te r a c t io n  o f th e se  m olecules w ith  h e p a tic  
cytochrome P-450, bo th  u s in g  ANS (which has no t been examined 
a s  a  P-450 s u b s tr a te  and which a s s o c ia te s  w ith  many p ro te in s )  
a s  a  type I  f lu o re s c e n t  probe (Cohen & M annering, 1975; E lin g  & 
D iA ugustine, 1971)- There i s  an obvious need fo r  s t r u c tu r a l l y  
d i f f e r e n t  f lu o re s c e n t  p robes to  in v e s t ig a te  "drug" b in d in g  s i t e s ,  
C h ig n e ll (1970 a ,b )  and W ilson (1974) have re p o r te d  th a t  th e  
b in d in g  o f th e  w idely  used  drug , w a rfa r in  to  serum album in 
r e s u l te d  in  a  marked in c re a s e  in  th e  f lu o re sc en c e  y ie ld  o f th e  
drug accompanied by a  hypsochromic s h i f t  in  i t s  em ission  maximum, 
However, th e  p o te n t ia l  o f w a rfa r in  a s  a f lu o re s c e n t  probe does 
n o t appear to  have been f u r th e r  u t i l i s e d .  DMBA h as been used  
by P o s te l-V in ay  ejb aE (1974) a s  a  f lu o re s c e n t  probe o f changes
in  membrane s t r u c tu r e .
' '■ ■ ■
In  th e  p re s e n t s tu d y , th e  f lu o re sc e n c e  p ro p e r t ie s  o f ANS, 
b e n z id in e , ip r in d o le ,  R (+ )- , S ( - ) - ,  & Rac. -  W arfa r in s , and DMBA 
were s tu d ie d  in  d i f f e r e n t  s o lv e n ts  and when bound to  cytochrome 
P-450. The n a tu re  o f  type  I ,  type I I ,  and type RI b in d in g  s i t e s  
a s  shown by t h e i r  in te r a c t io n  w ith  th e  f lu o re sc en c e  p ro b es  i s  
d iscu ssed .
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4.2. RESULTS
4 .2 .1 .  E v a lu a tio n  o f th e  f lu o re s c e n t  probe p ro p e r t ie s  
ANS
ANS i s  a  weak f lu o re s c e n t  compound in  aqueous s o lu t io n .
The flu o re sc en c e  em ission  maximum was reco rd ed  a t  abou t 513 nm 
when e x c ite d  a t  373 nm w ith  a  low f lu o re sc e n c e  i n t e n s i t y .  The 
flu o re sc en c e  in te n s i ty .  The flu o re sc en c e  c h a r a c te r i s t i c s  of 
ANS changed m arkedly w ith  changing s o lv e n t p o la r i ty .  I t  showed 
a  s h i f t  o f abou t 10-12 nm in  th e  e x c i t a t io n ,  and abou t 49 nm in  
th e  em ission  tow ards s h o r te r  w aveleng ths, accompanied by 300 f o ld  
in c re a se  in  th e  flu o re sc en c e  in te n s i ty ,  when e th an o l was used  a s  
a  s o lv e n t . A s im ila r  s h i f t  in  th e  f lu o re sc e n c e  w avelength  was 
.found  in  d ioxan , a ce to n e , and p ro p an o l, b u t th e  lo w est f lu o re sc e n c e  
w avelength was found in  u s in g  n -hexane a s  a  so lv e n t (447 nm).
Ip r in d o le
Changes in  f lu o re sc en c e  p ro p e r t ie s  w ith  changing th e  s o lv e n t 
system  was a ls o  s tu d ie d  w ith  o th e r  compounds. Ip r in d o le  was found 
to  g ive  a  d e te c ta b le  f lu o re sc e n c e  a t  a  c o n c e n tra tio n  o f 5u M in  w ater, 
In c re a s in g  th e  c o n c e n tra tio n  showed a . l i n e a r  in c re a se  in  th e  r e l a t i v e  
f lu o re sc en c e  up to  21 y M, g iv in g  em ission  maximum a t  375 nm when 
e x c ite d  a t  298 nm. V/hen e th an o l was used  a s  a  s o lv e n t ,  no change 
in  th e  e x c i ta t io n  w avelength was d e te c te d , b u t th e  em ission  maximum 
s h i f te d  by about J>0 nm to  358 nm, accompanied by a  4 - fo ld  in c re a s e  
in  th e  f lu o re sc en c e  in t e n s i t y .  D isso lv in g  th e  compound in  n-hexane 
d id  n o t produce any change in  e x c i ta t io n  w avelength , b u t i t  changed 
th e  em ission  w avelength to  342 nm, w ith  a  f lu o re sc e n c e  in t e n s i t y
“tw ice  th a t  in  w ater a t  any g iven  c o n c e n tra tio n .
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B enzidine
The hyp so chromic s h i f t  o f the  f lu o re sc en c e  w aveleng ths of 
ben z id in e  w ith  d i f f e r e n t  so lv e n t system s were found to  be l e s s  
th an  th a t  o f ANS. B enzid ine showed a flu ro esc en c e  maximum of 
398 nm when e x c ite d  a t  3OO nm in  aqueous s o lu t io n ;  b u t ,  a lth o u g h  
no change in  th e  e x c i ta t io n  maximum was observed w ith  e th a n o l a s  
a  s o lv e n t , th e  f lu ro re sc e n c e  w avelength s h i f te d  to  394 nm, which 
was accompanied by about 1 0 -fo ld  in c re a se  in  the  f lu o re sc e n c e  
in t e n s i ty .  On u s in g  n-hexane a s  a  s o lv e n t ,  a  marked s h i f t  in  
th e  em ission maximum was reco rd ed  w ith  f lu o re sc en c e  w avelength  
a t  about 374 nm, b u t the  f lu o re sc en c e  in te n s i ty  was on ly  about 
3O/0 o f than  in  e th a n o l.
The f lu o re sc en c e  p ro p e r t ie s  o f b en z id in e  a t  d i f f e r e n t  pH 
' v a lu e s  was s tu d ie d . The e x c i ta t io n  w avelength over a  pH range 
o f -0 .2  to  2 .3  was about 263 nm w ith  an em ission  maximum a t  
about 4o8 nm. As th e  pH va lu e  in c re a se d  to  4 .1 , a  marked change 
in  th e  e x c i ta t io n  v/avelength and a  10 nm s h i f t  in  th e  f lu o re sc e n c e  
maximum was n o tic e d . The e x c i ta t io n  and em ission  w aveleng ths were 
c o n s ta n t a t  about 3OO nm and 393-398 nm, r e s p e c t iv e ly ,  over a  pH" 
range 4 .1  - l 4 .  The f lu o re sc e n c e  in t e n s i t y ,  however, in c re a se d  a s  
th e  pH value  in c re a se d  from -  0 .2  to  4 .1 ,  re ach in g  i t s  maximum a t  
pH range 4 .1  -  8 .0 . At pH v a lu es  h ig h e r  th an  8, th e  f lu o re sc e n c e  
in te n s i ty  dropped d r a s t i c a l l y  to  be j u s t  d e te c ta b le  l e v e l s .
W arfarins
A stu d y  o f the  flu o re sc en c e  o f (+) w a rfa r in  in  d i f f e r e n t  
s o lv e n ts  showed th a t  w a rfa r in  e x h ib ite d  a  marked in c re a s e  in
Il4
flu o re sc en c e  in t e n s i ty ,  and a lso  a  hypsochromic s h i f t  in  the  
em ission  maxima on d e c rea s in g  so lv e n t p o la r i ty .  The e x c i ta t io n  
and em ission  w avelengths in  aqueous s o lu t io n  were a t  abou t 320 nm 
and 386 nm, r e s p e c t iv e ly .  Using e th an o l a s  a  s o lv e n t , no change 
in  th e  e x c i ta t io n  maximum was observed , b u t 3 am s h i f t  in  th e  
em ission  w avelength was reco rd ed , which was accompanied by an 
in c re a se  in  f lu o re sc e n c e  in te n s i ty .  D isso lv in g  th e  compound in  
n -h exane , produced a 32 nm s h i f t  tow ards s h o r te r  w avelengths
: 334) w ith  l e s s  f lu o re sc en c e  th an  th a t  in  w a te r . S tu d ie s  on em , ,
th e  f lu o re sc en c e  p ro p e r t ie s  o f w a rfa r in  o p t ic a l  iso m ers , R(+) and 
S ( - )  showed s im ila r  r e s u l t s  to  those  o f ( i )  w a rfa r in .
Dime th y lb  enzan th rac  ene
The flu o re sc en c e  e x c i ta t io n  spectrum  of DMBA in  v /a te r, re v e a le d  
two peaks a t  298 nm and 362 nm. Using e i th e r  of th e se  e x c i t a t io n  
w avelengths, two em ission  peaks were observed a t  4lO nm and 430 nm 
F igu re  4 .1 ) .  The e x c i ta t io n  spectrum  o f th e  compound in  e th a n o l and 
n-hexane, showed s im ila r  w avelengths to  th o se  in  w a te r , b u t a  s h i f t  
o f  about 3 nm was observed  in  th e  f i r s t  em ission  peak ( 403 nm ),
w hile  th e  second em ission  peak was found a t  426 nm and 423 nm in  
e th an o l and n-hexane r e s p e c t iv e ly .  The f lu o re sc en c e  in t e n s i t y  o f 
DMBA in  e th a n o l was h ig h e r th an  th a t  in  w ater or n -hexane, and 
g e n e ra l ly , th e  f lu o re sc en c e  in t e n s i ty  produced when th e  m olecule 
ex c ited , a t  298 nm. was found to  be h ig h e r than  th a t  re c o rd ed  when 
th e  e x c i ta t io n  was 362 nm (F ig u re  4 .1 ) .
The in te r a c t io n  o f ANS, ip r in d o le ,  w a rfa r in , b e n z id in e , and 
DMBA w ith  b io lo g ic a l  system s was, co n s id e red , s in ce  a l l  th e se  
compounds have shown th e  f lu o re s c e n t  probe p ro p e r t ie s  a s  w itn e sse d
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by changes in  one or more o f th e  f lu o re s c e n t  c h a r a c te r i s t i c s  
on changing th e  so lv e n t p o la r i ty .
4 .2 .2 .  The I n te r a c t io n  o f f lu o re s c e n t  p robes w ith  h e p a tic
microsomes
Washed m icrosom al su sp ensions a lo n e  from e i th e r  r a t  o r ham ster 
l i v e r s ,  showed an em ission  peak a t  335 nm when e x c ite d  a t  290 nm.
The dp. v i t r o  a d d i t io n  o f ip r in d o le  to  ham ster h e p a tic  microsomes
produced an em ission  peak a t  about 330-333 when th e  e x c i t a t io n  was
298 nm. The new em ission  peak overlapped  w ith  th e  f lu o re sc e n c e  
g iven  by th e  microsomes, and, th e  f lu o re sc e n c e  in te n s i ty  measured 
when the  e x c i ta t io n  on 290 nm (The e x c i ta t io n  due to  th e  microsomes 
o n ly ) was h ig h e r  th an  th a t  on 298 nm. T h is o v erlap  between th e  
em ission  o f th e  ip r in d o le  in  microsomes w ith  the  i n t r i n s i c  f lu o re sc e n c e  
o f  th e  p ro te in  d id  n o t encourage f u r th e r  s tu d ie s  on th e  in te r a c t io n  
o f  ip r in d o le  w ith  h e p a tic  microsomes, e s p e c ia l ly  a s  a  s im ila r  
o b se rv a tio n  was made fo r  i t s  in te r a c t io n  w ith  Bovine Serum Albumin.
- ANS, th e  w idely  used  f lu o re s c e n t  p ro b e , produced a type  I  
s p e c t r a l  change w ith  ham ster and r a t  h e p a tic  microsomes w ith  
s im ila r  b in d in g  a f f i n i t y  to  cytochrome P-430 u s in g  e i th e r  m icrosom al 
p re p a ra t io n s  (Table 4 .1 ) .
F luorescence  t i t r a t i o n  o f ANS w ith  O .lM -phosphate b u f f e r  pH 7 .4 , 
showed an em ission  peak a t  about 313 nm when e x c ite d  a t  38O nm, w ith  
a  low flu o re sc en c e  in t e n s i t y ,  which cou ld  be d e te c te d  a t  a  
c o n c e n tra tio n  o f 1 yM. In c re a s in g  th e  c o n c e n tra tio n  o f  ANS, r e s u l te d  
in  an in c re a se  in  th e  f lu o re sc en c e  in t e n s i ty  (F igure  4 :3 ) .  The a d d it io n  
o f ANS to  r a t  o r ham ster h e p a tic  microsomes showed a s im i la r  e x c i t a t io n
116
maximum to  th a t  in  phosphate b u f f e r ,  b u t a 48 -  nm s h i f t  in  th e  
f lu o resc en c e  w avelength was found when M S in te r a c te d  w ith  
m icrosom al suspensions (F igure  4 .2 ) .  This s h i f t  in  th e  em ission  
was accompanied by about a 250- f o ld  in c re a se  in  th e  f lu o re sc e n c e  
(Table 4 .2 ;  F igu re  4 .3 ) .  The in c re a se  in  th e  M S-m icrosom es 
f lu o re sc en c e  i s  c o n c e n tra tio n -d e p e n d e n t, and a double r e c ip r o c a l  
p lo t  gave a l i n e a r  r e la t io n s h ip  f o r  M S-microsome f lu o re sc e n c e  
over a c o n c e n tra tio n  range o f  1 .0  to  20 yM. A f lu o re s c e n t  d is s o c ia t io n  
c o n s ta n t (K^) o f  6 .7  x 10 ^ M was c a lc u la te d  from th e  in te r c e p t  o f 
th e  l in e  e x tra p o la te d  to  th e  n e g a tiv e  a b s c is s a . F u rth erm o re , th e  
a d d itio n  o f  M S to  th e  m icrosom al su sp en sio n , decreased  th e  i n t r i n s i c  
f lu o re sc en c e  due to  th e  m icrosom es, which was p ro p o r t io n a l  to  th e  
in c re a se  o f  M S-microsomes f lu o re sc en c e  (F igure  4 .4 ) .
DMBA and Microsomes :
The f lu o resc en c e  em ission spectrum  o f  DMBA in  m icrosom es, u s in g
an e x c i ta t io n  a t  298 nm, re v e a le d  two peaks a t  405 nm and 425 nm.
The f lu o resc en c e  e x c i ta t io n  spectrum  o f  t h i s  complex was s im ila r  to
th a t  in  phosphate b u f f e r ,  in d ic a t in g  two peaks a t  298 nm and 362 nm,
when th e  em ission  w avelength was s e t  a t  e i th e r  405 nm o r  425 nm.
T i t r a t io n s  o f in c re a s in g  amounts o f  DMBA in  phosphate b u f f e r  compared
w ith  m icrosom es, showed a 1 0 -fo ld  in c re a se  in  th e  f lu o re sc e n c e  i n t e n s i t y
in  microsomes and th e  predom inant peak o f  em ission  o f  DMBA-microsomes
complex was th a t  a t  405 nm. A f lu o re s c e n t  d is s o c ia t io n  c o n s ta n t o f  
~53 .5  X 10 M was c a lc u la te d  fo r  th e  in te r a c t io n  o f  DMBA w ith  ham ster 
h e p a tic  m icrosomes. F luorescence  t i t r a t i o n  o f DMBA w ith  phosphate  b u f f e r  
a t  low c o n c e n tra tio n s  ( < 2 yM) showed two em ission  p e ak s , a t  4lO nm 
and 430 nm, th e  h ig h e s t  in t e n s i ty  being  a t  4lO nm. As th e  c o n c e n tra tio n
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o f DMBA in c re a se d  ( > 5 yM), th e  f lu o re sc en c e  a t  430 nm became 
h ig h e r th an  th a t  a t  4lO nm. The f lu o re sc en c e  in te n s i ty  in  phosphate 
b u f f e r  was always le s s  th an  th a t  w ith  o rg an ic  so lv e n ts  o r 
m icrosom al suspension  (Table 4 .2 ) .
S p e c tra l in te r a c t io n  o f  DMBA w ith  ham ster h e p a tic  microsomes
~5in d ic a te d  a ty p e  I  spectrum  w ith  a Kg v a lu e  o f 4 .5  x 10 M 
(Table 4 .1 ) .
W arfarin  and Microsomes
The in te r a c t io n  o f  R acem ic-w arfarin  w ith  ham ster h e p a tic  
microsomes was found to  produce a ty p e  RI s p e c t r a l  change o f h ig h  
a f f i n i t y  (Table 4 .1 ) .  A s im ila r  type  o f  in te r a c t io n  was observed  
w ith  r a t  h e p a tic  microsomes b u t th e  b in d in g  a f f i n i t y  was le s s  th a n  
th a t  w ith  ham ster microsom es. S tu d ies  perform ed on th e  in t e r a c t io n  
o f  R ( + ) -w a rfa r in  w ith  ham ster l i v e r  microsomes showed a ty p e  I  
d if f e re n c e  s p e c tra  w ith  a va lue  s im ila r  to  th a t  o f  R acem ic-w arfarin  
(F igure  4 .5 ) .  B ut, R (+ )-w arfa r in  in te r a c te d  w ith  r a t  h e p a tic  microsomes 
to  produce a ty p e  R I , w ith  a low er b in d in g  a f f i n i t y  th a n  th a t  o f  th e  
ty p e  I  spectrum  determ ined fo r  th e  in te r a c t io n  w ith  ham ster h e p a tic  
microsom es. In  c o n t r a s t ,  th e  in te r a c t io n  o f  S ( - ) -w a r fa r in  w ith  
e i th e r  ham ster o r r a t  h e p a tic  microsomes produced a ty p e  RI s p e c t r a l  
change (Table 4 .1 ) .
F luorescence  t i t r a t i o n  o f  R acem ic-w arfarin  w ith  ham ster h e p a tic  
microsomes showed a s h i f t  o f about 12 nm in  th e  f lu o re sc e n c e  em ission  
w avelength and a marked in c re a se  in  th e  f lu o re s c e n t  i n t e n s i t y ,  as 
compared to  th e  t i t r a t i o n  w ith  phosphate b u f f e r ,  bu t no d if f e r e n c e  in  
th e  e x c i ta t io n  maximum was observed  between th e  two system s. R (+ )- ,
and S ( - ) -w a r fa r in  in te r a c te d  in  a s im ila r  manner to  t h a t  o f  Racem ic-
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w a rfa rin  w ith  ham ster h e p a tic  microsomes showing no s ig n i f ic a n t  
d if f e re n c e s  from i t  e i th e r  in  th e  em ission  w avelength o r th e  
f lu o re s c e n t in t e n s i ty  (F igu res 4 . 6 , 4 . 7 ) .  The f lu o re sc e n c e  changes 
observed  in  th e  in te r a c t io n  o f  R acem ic-w arfarin  and i t s  o p t i c a l ly  
acu te  components w ith  ham ster l i v e r  microsomes were a lso  found 
w ith  r a t  and human l i v e r  m icrosomes.
B enzidine and microsomes
B en z id in e , which in te r a c te d  w ith  ham ster and r a t  h e p a tic  
microsomes g iv in g  a ty p e  I I  d if f e re n c e  s p e c tra  (Table 4 . l ) ,  d id  
n o t show any w avelength s h i f t  in  th e  f lu o resc en c e  maxima when 
t i t r a t e d  w ith  m icrosom al suspensions and phosphate b u f f e r .  
F u rth erm o re , th e  f lu o re sc en c e  in t e n s i ty  o f  th e  benzid ine-m icrosom es 
' complex was s l i g h t l y  h ig h e r th an  th a t  in  phosphate b u f f e r ,  whereas 
th e  flu o rescen ce  in t e n s i ty  in  e th an o l was more th an  s ix  tim es  
h ig h e r th an  th a t  w ith  ham ster o r r a t  h e p a tic  microsomes (Table 4 .3 ) .
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Table 4.1.
R e la tio n sh ip  between th e  s p e c tr a l  d is s o c ia t io n  c o n s ta n t
(K ) and ty p e  o f s p e c t r a l  change fo r  r a t  and ham ster s
h e p a tic  m icrosomes.
Compound
Rat Hamster
Ks
X 10~^ M
Type o f
s p e c t r a l
change
Ks
X lO"^ M
Type o f
s p e c t r a l
change
M S 4 .0 I 6 .5 I
W arfarin
E( + ) 45.0 RI 8 .0 I
•-s(-) 16.0 RI 11 .0 RI
Racemic 23.0 RI 8 .8 RI
B enzidine 6 .0 I I 5 .3 I I
DMBA — - 4 .5 I
RI = Reverse type  I  s p e c t r a l  change 
M icrosomal p ro te in  c o n c e n tra tio n  = 2 mg/ml.
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Table 4. 2.
F luorescence  d a ta  o f  M S and DMBA in  d i f f e r e n t  
so lv en ts
S olvent
MS DMBA
Em ission R e la tiv e
flu o re sc en c e
Em ission^ R e la tiv e
f lu o re sc e n c e
0 .1  M-Phosphate 513 0 .3 4io 5 . 6
b u f fe r
E thanol 468 100.0 405 100.0
n-Hexane 447 66.1 405 3 7 . 6
* ** **
"M icrosom es 464 6 9 . 2 405 5 0 . 7
( r a t  o r ham ster)
The f i r s t  f lu o re sc en c e  em ission  peak 
M icrosomal p ro te in  c o n c e n tra tio n  = 2  mg/ml 
Hamster h e p a tic  microsomes
The c o n c e n tra tio n s  o f M S and DMBA were 3 yM, and 5 yM re s p e c t iv e ly .
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Table 4.3.
F luo rescence  d a ta  o f W arfarin  and B enzidine in  
d i f f e r e n t  so lv e n ts
W arfarin B enzid ine
Solvent Em ission R e la tiv e Em ission R e la tiv e
flu o re sc en c e flu o re sc e n c e
0 .1  M-Phosphate 
b u f fe r
386 43.7 398 9 .2
E thanol 383 100.0 394 100.0
n-Hexane 354 6.2 374 55 .3
*
Microsomes 
( r a t  o r ham ster)
375 72 .9 398 15 .0
M icrosomal p ro te in  c o n c e n tra tio n  = 2 mg/ml
The c o n c e n tra tio n s  o f  W arfarin  and B enzid ine were 25 y M, and 
27 yM re s p e c t iv e ly .
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Figure 4.1
Emission spectra of DMBA in water
Excitation at 298 nm
The concentration of 
DMBA = 4 uM
Excitation at 362 nm
360 400 440 400 440
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Figure 4 .2
Fluorescence em ission spectra of ANS in 
phosphate buffer and hamster hepatic microsomes
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(a) ANS in 0.1 M-phosphate buffer pH 7.4
(b) ANS in 1 m g/m l hamster hepatic microsomes
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The concentration of ANS was 47 y^M.
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Figure 4. 3
Fluorescence titration of hamster hepatic 
microsomes and phosphate buffer with ANS
Fluorescence excited at 376 nm
Microsomal protein concn. = 1 m g/m l
I
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Figure 4.4
Fluorescence titration of ANS with 
hamster hepatic micro some s
Excitation = 290 nm
Emission = 335 nm
Excitation 376 nm
Emission 465 nm
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Figure 4,6
Fluorescence titrations of hamster hepatic microsomes 
and 0.1 M Phosphate buffer with R+ warfarin
2 0 -
Microsomal protein 
concn. = 2 m g/m l
> Phosphate buffer, pH 7 .4
105
R+ Warfarin concn. (x 10“  ^M)
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Figure 4.7
Titration of hamster hepatic microsomes with (R+) 
and (S-) optical isom ers of warfarin
(R+) Warfarin
(S-) Warfarin
10
Microsomal protein concn. = 2 mg/
5 10
-5
Warfarin concn. (x 10 M)
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Figure U.8
C h e m i c a l  s t r u c t u r e s  o f  t h e  f l u o r e s c e n t  p r o b e s  i n v e s t i g a t e d
1^
V (S
NE
f '
f A
l - A n i l i n o - 8 - N a p h t h a l e n e -  
S u l p h o n a t e  ( M S )
CH3
7 , 1 2 - D i m e t h y l b e n z a n t h r a c e n e  
(DMBA)
CH,
C =  0
S ( - ) - W a r f a r i n R ( + ) - W a r f a r i n
HgN 7  V
B e n z i d i n e
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Figure 4 .9
Linewe aver-Burk plot of the effect of S(-) warfarin (Type RI) 
on ANS-hamster microsome fluorescence
Microsomal protein 
2 m g/m l
tH
ANS + S(-) Warfarin 
(7.4 X 10"^M) in 0.1 M 
phosphate buffer pH 7.4
ANS in buffer
ANS fluorescence measured 
at Xg^ = 376nm, )\gjjj=464nm
6 040-10 200
ANS
X mM-1
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Figure 4.10
Lineweaver-Burk plot for the competitive inhibition
by ANS of the binding of S(-) warfarin to hamster microsomes
Microsomal protein 2 m g/m l
A = 320 nm ex
\  = 374 nmAem
ANS -  type I
S(-) Warfarin = type RI
S(-) Warfarin + 7.4 x 10 M ANS
o S(-) Warfarin
r4
20 40 60
1/Kf
(fluor ime trie 
dissociation 
constant)
S(-) Warfarin
X m M - 1
Figure 4.11
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Titration of control and phenobarbitone induced 
hamster microsomes with R+ warfarin
20
A Phenobarbitone-induced 
microsomes
3
0
§00
COI
Control m icrosom es
Microsomal protein concn. = 1 m g/m l
105
-5
R+warfarin concn. (x 10 M)
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4.3. DISCUSSION
M S vould  appear to  be a u s e fu l  ty p e  I  f lu o re s c e n t  probe fo r  
h e p a tic  m icrosom es, as su g gested  by E lin g  & D iA ugustine ( l9 7 l ) .
'
I t .  f lu o re s c e s  very  weakly in  aqueous s o lu t io n ,  b u t shows a la rg e  
s h i f t  in  th e  em ission  w avelength and a marked in c re a s e  in  th e  
f lu o re sc en c e  in te n s i ty  when d is so lv e d  in  n o n -p o la r s o lv e n ts ,  o r 
when in te r a c te d  w ith  m icrosom al su sp en sio n s. I t s  l im i ta t io n s  a re ;
(1) th a t  i t  i s  no t a known s u b s tr a te  fo r  cytochrome P -450, and ,
(2 ) t h a t  i t  i s  known to  b in d  to  a  wide v a r ie ty  o f  p r o te in s .  The 
n o n -p o la r compound, DMBA, has been found to  produce a 5 irn s h i f t  
in  i t s  em ission  w avelength when bound w ith  ham ster h e p a tic  
microsomes w ith  a marked in c re a se  in  th e  f lu o re sc en c e  in t e n s i t y  
"as compared w ith  th a t  in  phosphate b u f f e r .  I t  i s  th e re fo re  
p o te n t ia l ly  more u s e fu l as a probe s in ce  i t  i s  a known s u b s t r a te  
fo r-P -4 5 0  and would be expected  to  be more l im ite d  in  i t s  b in d in g  
in te r a c t io n s .  S im ila r ly , th e  use o f w a rfa r in  as a f lu o r e s c e n t  
probe i s  j u s t i f i e d  by th e  s h i f t  in  th e  em ission  peak and th e  
in c re a se  in  flu o resc en c e  in t e n s i ty  w ith  d ec rea sin g  so lv e n t p o l a r i t y  
o r when in te r a c te d  w ith  m icrosom al su sp en sio n s.
D iffe ren ce  s p e c t r a l  s tu d ie s  o f  th e  h e p a tic  m icrosom al 
in te r a c t io n  o f  w a rfa r in  re v e a le d  some in te r e s t in g  sp e c ie s  d if f e r e n c e s  
W hilst th e  Racemic, and S ( - ) -w a r fa r in s  produced a ty p e  RI s p e c t r a l  
change w ith  bo th  r a t  and ham ster h e p a tic  m icrosom es, th e  RC-f)-isomer 
was d i f f e r e n t  producing  a type  RI change w ith  r a t  , b u t a ty p e  I  
change w ith  ham ster l i v e r  microsom es.
A s u i ta b le  ty p e  I I  f lu o re s c e n t  p ro b e , ob v io u sly  re q u ire s
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pronounced and e a s i ly  m easurable f lu o re sc en c e  in te n s i ty  and 
w avelength changes in  so lv e n ts  o f d i f f e r e n t  p o l a r i t i e s , and 
th e  a b i l i t y  to  provoke a type  I I  s p e c tr a l  change on in te r a c t io n  
w ith  microsomes. Oshima & hagasawa (1972) have re p o r te d  th a t  
b en z id in e  e x h ib its  in c re a se d  flu o re sc en c e  in te n s i ty  in  e th a n o l 
compared w ith  aqueous s o lu t io n .  Our s tu d ie s  on th e  f lu o re sc e n c e  
p ro p e r t ie s  o f  b en z id in e  in  s e v e ra l  s o lv e n ts , have shown th a t  an 
in c re a se  in  b en z id in e  f lu o re sc en c e  and a hysochrom ic s h i f t  in  
em ission  w avelength o ccu rred  w ith  d ec rea sin g  -so lven t p o la r i ty  
(Table 4 .3 ) .  S p e c tra l  in te r a c t io n s  o f b en z id in e  w ith  e i t h e r  
r a t  o r ham ster h e p a tic  microsomes have shown a c h a r a c te r i s t i c  
type  I I  d if f e re n c e  s p e c t r a ,  which was confirm ed by th e  d ecrease  
in  th e  m agnitude o f th e  type  I I  spectrum  due to  b e n z id in e , on 
t h e  a d d itio n  o f a n i l in e  as a s p e c t r a l  m o d if ie r  (see  1 .1 .3 . )  to  
bo th  re fe re n c e  and sample c u v e tte s .
From th e  r e s u l t s  p re sen te d  in  t h i s  c h a p te r , i t  would appear
th a t  M S and DMBA can be used as ty p e  I  f lu o re s c e n t p robes fo r
h e p a tic  microsomes. The s p e c t r a l  d is s o c ia t io n  c o n s ta n t (K ^), f o r  
M S was s im ila r  fo r  r a t  and ham ster l i v e r  microsomes (T able 4 .1 ) ,  
and was in  good agreem ent w ith  th e  determ ined  f lu o re sc e n c e  d is s o c ia t io n  
co n stan t (K^) d e riv e d  from th e  f lu o re s c e n t  probe s tu d ie s  ( e .g .
= 6 .5  X 10 ^  M, = 6 ,7  X 10 ^ M fo r  ham ster h e p a tic  m icrosom es).
The K value  o f  DMBA was a lso  s im ila r  to  th e  K_ va lue  fo r  th e
S ' I
in te r a c t io n  w ith  ham ster microsomes (K 4 .5  x 10  ^ M,s
= 3 .5  X 10  ^ M). The v a lu es  fo r  th e  in te r a c t io n  o f  th e  ty p e  
I I  f lu o re s c e n t p ro b e , b e n z id in e , w ith  r a t  o r ham ster m icrosom es, 
were s im ila r  in  bo th  s p e c ie s . However, th e  s i tu a t io n  i s  d i f f e r e n t
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w ith  w a rfa r in . As w e ll as th e  ap p aren t sp ec ie s  d if f e re n c e  in
type  o f  s p e c tr a l  b in d in g , th e  v a lu es  fo r  a l l  th r e e  w a rfa r in s
were found to  be h ig h e r w ith  r a t  microsomes th an  fo r  ham sters .
This d if f e re n c e  was more n o tic e a b le  fo r  th e  R(+) th an  th e
S (-)  isom ers. The v a lu e  fo r  Racemic w a rfa r in  in  r a t  l i v e r
microsomes was in  good agreem ent w ith  t h a t  re p o r te d  by
D eckert & Remmer (1972). Follow ing phenobarb itone  p re tre a tm e n t
o f  bo th  ham ster and r a t  h e p a tic  m icrosom es, no s ig n i f i c a n t  changes
in  e i th e r  K v a lu es  o r th e  shape o f  th e  d if fe re n c e  spectrum  fo r
R (+ )-w arfa rin  was found. (With c o n tro l ham ster m icrosom es, th e
“ 5value  was 45.0  ± 4 .1  x 10 M, and fo r  induced microsomes 
~538.0  ± 2 .1  X 10 M). S im ila r ly , no d if fe re n c e s  were observed
fo r  ANS b in d in g . However, i t  was no t p o s s ib le  to  c a lc u la te  th e  
'K value  o f th e  in te r a c t io n  o f  S ( - ) -w a r fa r in  w ith  p henobarb itone  
p re t r e a te d  r a t  l i v e r  microsomes because th e  m agnitude o f  th e  
s p e c t r a l  change was d ecreased  w ith  in c re a s in g  S ( - ) -w a r fa r in  
c o n c e n tra tio n . ■
The n a tu re  o f  ty p e  RI s p e c t r a l  change has been g iven  
co n sid e rab le  a t te n t io n  re c e n t ly .  D ieh l e t  a l  (1970) have su g g ested  
th a t  th e  ty p e  RI s p e c t r a l  change cou ld  be due to  d isp lacem en ts  o f  
endogenously bound ty p e  I  compounds. A l te r n a t iv e ly ,  O rre n iu s , 
e t  ad (1972) have su ggested  th a t  th e re  cou ld  be a ty p e  I  
component in  th e  ty p e  RI s p e c tr a l  change, and th a t  th e  ty p e  RI 
might be a com posite spectrum  a r i s in g  from th e  su p e r- im p o s itio n  , 
o f a ty p e  I  w ith  a type  I I  s p e c tra .  However, i t  seems d i f f i c u l t  
to  re so lv e  th e  su g g es tio n  o f  D ie h l, e t  ^  (197O ), w ith  our f in d in g s  
th a t  th e re  a re  marked d if fe re n c e s  in  th e  form o f s p e c t r a l  b in d in g  
fo r  very  c lo s e ly  r e la te d  compounds, namely th e  two w a rfa r in  
isom ers (F igure  4 .8 ) in  ham ster h e p a tic  microsomes ( i . e .  R (+ ), ty p e  I
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S ( - ) ,  type  R l) . F u rth erm o re , u s in g  ham ster m icrosom es, no 
s ig n i f ic a n t  d if f e re n c e  in  th e  s p e c t r a l  d is s o c ia t io n  c o n s ta n t 
(Kg) could  be d e te c te d  fo r  th e se  isom ers (Table 4 .1 ) .  An 
a f f i n i t y  change would be expected  i f  on ly  th e  S ( - )  isom er was 
a b le  to  d isp la c e  th e  endogenous ty p e  I  compound. N e ith e r do 
our fin d in g s  support th e  view o f  O rre n iu s , ejk ad (1972), s in c e  
no change in  th e  ty p e  o f  s p e c t r a l  b in d in g , o r f lu o re s c e n t  probe 
c h a r a c t e r i s t i c s , were observed  over th e  wide c o n c e n tra tio n  range 
o f  w a rfa rin  used.
C om petitive s tu d ie s ,  between ANS and th e  w a rfa r in  isom ers 
u sing  th e  f lu o re s c e n t probe te c h n iq u e , were perform ed in  b o th  
r a t  and ham ster h e p a tic  microsom es. ANS (type  I  Racemic, o r 
S ( - ) -w a rfa r in  (type  R I) as w e ll as R (+ )-w a rfa r in  (type  I  in  
h am ste rs , and RI in  r a t s ) ,  appeared  to  i n te r a c t  in  a d i r e c t  
co m p etitiv e  manner (F igu res 4 .9 ,  4 .1 0 ) . ANS and b o th  w a rfa r in  
isom ers appeared to  be e f f e c t iv e  in  d is p la c in g  each o th e r  from 
t h e i r  microsomal s i t e .  S im ila r ly ,  D iA ugustine, e t  a l  (1970) 
have re p o r te d  t h a t  w a rfa r in  appeared  to  d is p la c e  ANS c o m p e titiv e ly  
from a h ig h - a f f in i ty  b in d in g  s i t e  w ith o u t m odifying ANS flu o re sc e n c e  
due to  in te r a c t io n  a t  a lo w - a f f in i ty  b in d in g  s i t e .  The f lu o re sc e n c e  
o f  S ( - ) ,  and R (+ )-w arfa rin s  in  ham ster h e p a tic  microsomes gave 
id e n t ic a l  f lu o resc en c e  in c re a se s  and produced s im ila r  s h i f t s  o f  
em ission  maxima, and s im ila r  r e s u l t s  were o b ta in ed  fo r  Racem ic, S ( - ) ,  
and R(+) w a rfa rin s  in  r a t  h e p a tic  m icrosom es. These r e s u l t s  would 
suggest th a t  th e  type  I  and ty p e  RI m icrosom al b in d in g  s i t e s  a re  
lo c a te d  in  s im i la r ly  hydrophobic en v ironm en ts , and th a t  ty p e  RI and 
type  I  s i t e s  a re  d i r e c t ly  lin k e d  so th a t  ty p e  I  and RI b in d in g  
cannot occur a t  any one tim e.
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Follow ing phenobarb itone p re tre a tm e n t , bo th  r a t  and ham ster 
h e p a tic  microsomes d id  n o t d isp la y  any in c re a se  in  th e  i n t e n s i ty  
o f flu o rescen ce  exp ressed  p e r mg. o f m icrosom al p r o te in ,  w ith  
e i th e r  M S , Racemic, S ( - ) ,  o r R(+) w a r fa r in s ,  (F igure  4 .1 1 ) . This 
would suggest th a t  th e  hydrophobic n a tu re  o f th e  environm ent o f  th e  
type  I  and type  RI b in d in g  s i t e s  i s  no t s ig n i f i c a n t ly  a l t e r e d  by 
phenobarb itone  p re tre a tm en t in  e i th e r  sp e c ie s . D iA ugustine , . e t  a l
(1970 ) have observed th a t  p re tre a tm e n t w ith  phenobarb itone  o r 
3~MC a lso  d id  no t a f f e c t  M S flu o re sc en c e  in  m icrosom al p r o te in .
B en z id in e , which was found to  in t e r a c t  w ith  b o th  r a t  and 
ham ster h e p a tic  microsomes producing  a ty p e  I I  s p e c t r a l  change 
w ith  a Kg v a lu e , low er even th an  a n i l in e  ( th e  c l a s s i c a l  ty p e  I I  
compound), showed changes in  i t s  f lu o re sc en c e  w avelength  and 
in te n s i ty  w ith  v a r ia t io n s  in  so lv e n t p o la r i ty  (Table 4 .3 . ) .  Thus, 
th e  use o f b en z id in e  as a ty p e  I I  f lu o re s c e n t  probe was j u s t i f i e d .  
However, i t  showed in s ig n i f ic a n t  f lu o re sc en c e  enhancement and no 
em ission  w avelength s h i f t  when bound to  h e p a tic  microsomes 
(Table 4 .3 ) ,  and th u s  e x h ib ite d  f lu o re sc e n c e  c h a r a c te r i s t i c s  ty p i c a l  
o f  a h y d ro p h ilic  environm ent.
In  s tu d ie s  perform ed on th e  n a tu re  and s t r u c tu r a l  req u irem en ts
o f  th e  ty p e  I I  and type  RI b in d in g . M ailman, e t  a l  (1974) su g g es ted
th a t  n itro g e n -c o n ta in in g  compounds in  which th e  n itro g e n  i s  
2 3 •p r i m a r i l y  a n  s p  o r  s p  h y b r i d  a n d  i n  w h i c h  t h e  n o n b o n d e d  e l e c t r o n  
p a i r  i s  a c c e s s i b l e  m a y  p r o d u c e  t y p e  I I  s p e c t r a .  T h e y  e x t e n d e d  
t h e i r  c o n c l u s i o n  t h a t  t h i s  c r i t e r i a  m a y  a l s o  b e  m e t  b y  o t h e r  
n u c l e o p h i l i c  a t o m s , s u c h  a s  t h o s e  i n  m o l e c u l e s  c o n t a i n i n g  s t e r i c a l l y  
a c c e s s i b l e  o x y g e n  a t o m s  w h i c h  g i v e  a  t y p e  R I  s p e c t r u m .  H o w e v e r ,  
t h i s  v i e w  i s  n o t  s u p p o r t e d  b y  o u r  f i n d i n g s ,  ( F i g u r e  4 ,7 )  i n  w h i c h .
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t h e r e  i s  n o  d i f f e r e n c e  i n  t h e  f l u o r e s c e n c e  p r o p e r t i e s  o f  
R ( + ) “  ( t y p e  I )  a n d  S ( - ) - w a r f a r i n  ( t y p e  R l )  w h e n  i n t e r a c t e d  w i t h  
h a m s t e r  h e p a t i c  m i c r o s o m e s .  F u r t h e r m o r e ,  t h e  c o m p e t i t i v e  i n h i b i t i o n  
o f  a n y  o f  t h e  w a r f a r i n s  w i t h  M S  d o e s  s u g g e s t  t h a t  t h e  e n v i r o n m e n t  
o f  t y p e  I  a n d  t y p e  R I  i s  c l o s e l y  r e l a t e d  t o  e a c h  o t h e r s ;  w h e r e a s ,  
t h e  f a i l u r e  o f  b e n z i d i n e  t o  p r o d u c e  a n y  e m i s s i o n  w a v e l e n g t h  s h i f t  
o r  s i g n i f i c a n t  i n c r e a s e  i n  f l u o r e s c e n c e  i n t e n s i t y  w h e n  b o u n d  t o  
m i c r o s o m a l  p r o t e i n ,  w o u l d  a p p e a r  t o  i n d i c a t e  t h a t  t h e  t y p e  I I  b i n d i n g  
s i t e  i s  n o t  l o c a t e d  i n  a  h y d r o p h o b i c  e n v i r o n m e n t  t y p i c a l  o f  t y p e  I  
b i n d i n g ,  b u t  r a t h e r  i n  a  r e l a t i v e l y  h y d r o p h i l i c  r e g i o n .
CHAPTER F I V E
T h e  D e a l k y l a t i o n  o f  s o m e  p - n i t r o p h e n y l a l k y T  
e t h e r s  a n d  t h e i r  a - d e u t e r a t e d  a n a l o g u e s  h y  
r a t  l i v e r  m i c r o s o m e s
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5.1. INTRODUCTION
I t  i s  g e n e ra lly  accep ted  th a t  a lk y la ry le th e r s  a re  c leav ed  v ia  
h em iace ta l in te rm e d ia te s  in to  phenols and aldehydes by th e  mixed 
fu n c tio n  ox idase enzymes o f  th e  h e p a tic  endoplasm ic re tic u lu m .
The o x id a tio n  o f a wide v a r ie ty  o f  a lk y la ry le th e r s  has been 
re p o r te d  bo th  in  vivo (W illiam s, 1959) and in  v i t r o  (A xelrod , 1956). 
McMahon, eib ^  (1963) showed th a t  in  th e  case o f  b o th  th e  in  v ivo  
and in  v i t r o  d e a lk y la tio n  o f a s e r ie s  o f  a lk y l-p -n i tro p h e n y le th e r s  in  
r a t s ,  th e  r a t e  o f cleavage o f  lo n g e r chain  a lk y l  groups such as 
b u ty l and hex^/"! s u b s t i tu e n ts  was co n sid e ra b ly  le s s  ra p id  th an  th a t  
fo r  th e  s h o r te r  on es, m ethy l, e th y l ,  p ro p y l, and iso p ro p y l g roups. 
Yoshimura, e;b aT (1966) have re p o r te d  s im ila r  r e s u l t s  fo r  th e  
in "v iv o  m etabolism  o f a s e r ie s  o f  a lk y la r y le th e r s .  Mitoma, e t  a l
(1971) dem onstrated  t h a t  s u b s t i tu t io n  o f hydrogen atoms by deu terium  
atoms in  (3 ~ H) p ro p y l-p -n itro p h e n y le th e r  r e s u l te d  in  a s e le c t iv e  
in h ib i t io n  o f  p -n itro p h e n o l fo rm a tio n , and a s im ila r  e f f e c t  was a ls o  
re p o r te d  (Mitoma e t  a l ,  I 967) fo r  th e  0 -d em eth y la tio n  o f  o - n i t r o a n i s o le  
and i t s  a -d e u te ra te d  isom er. F u rtherm ore , F o s te r ,  ^  a l  (1974) have 
re p o r te d  an iso to p e  e f f e c t  o f  ~2 fo r  th e  0 -d em eth y la tio n  o f  p - n i t r o -  
a n iso le  and i t s  tr id e u te ro m e th y l d e r iv a t iv e ,  when m ediated  by r a t  
l i v e r  m icrosomes.
This c h ap te r  d e sc r ib e s  th e  i n i t i a l  d e a lk y la tio n  r a te s  o f  
p - n i t r o a n i s o le , p -n i t ro p h e n e to le , d e u te ra te d  p - n i t r o a n i s o l e , d e u te ra te d  
p -n it ro p h e n e to le , p -n it ro p h e n y lis o p ro p y le th e r , and p -n i t ro p h e n y lb u ty l-  
e th e r  r e l a t e s  th e se  to  t h e i r  b in d in g  s p e c t r a ,  th e  v a lu e s ,  and 
p a r t i t i o n  c o e f f ic ie n ts .
These s tu d ie s  were designed  in  an a ttem p t to  e lu c id a te  th e  r a t e
l4l
l im i t in g  s te p  o f  th e  d e a lk y la tio n  r e a c t io n ,  w hether i t  be th e  b in d in g  
o f s u b s t r a te ,  re d u c tio n  o f  cytochrome P -450, o r a h e re to  u n co nsidered  
f a c to r .
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5.2. RESULTS
The s p e c tr a l  in te r a c t io n  o f p -n it ro p h e n y la lk y le th e rs  w ith
r a t  h e p a tic  microsomes g iv in g  a tro u g h  a t  about 420 nm, to  in d ic a te
a ty p e  I  s p e c t r a l  change. The b in d in g  spectrum  due to  th e
in te r a c t io n  o f th o se  compounds w ith  h e p a tic  m icrosom es, was
a f fe c te d  by th e  i n t r i n s i c  l i g h t  ab so rp tio n  o f  th e  p -n it ro p h e n y l-
a lk y le th e r s  a t  low er w avelengths. So t h a t ,  th e  absorbance (A A)
was measured between th e  tro u g h  and b a s e l in e  only  (F ig u re  5 .1 . ) .
A decrease  in  th e  K v a lu es  was found with, an in c re a se  in  th es
number o f  carbon atoms in  th e  s t r a ig h t  a l ip h a t ic  chain  w ith o u t
any s ig n i f ic a n t  change in  t h e i r  A^^^ v a lu es  (Table 5 .1 . ) .
p -N itro a n is o le  and p -n itro p h e n e to le  showed s im ila r  v a lu e s  to
t h e i r  d e u te ra te d  an a lo g u es , a g a in , th e re  was no change in  th e
A v a lu es , max
The ap p aren t p a r t i t i o n  c o e f f ic ie n ts  o f  th e  compounds 
determ ined  ex p e rim en ta lly  were found to  be in  good agreem ent w ith  
th e  t h e o r e t i c a l  va lu es  based  on th e  use o f  th e  a d d it iv e  f a c to r  
o f  0 .5  fo r  each -CH^- group in  th e  s t r a ig h t  chain  ( ta k in g  
p - n i t ro a n is o le  as a re fe re n c e )  excep t fo r  th e  d e u te ra te d  compounds 
where no th e o r e t i c a l  v a lu es  a re  a v a i la b le .  The l i p o p h i l i c i t y  o f  
u n la b e lle d  compounds was found to  be s im ila r  to  th e  d e u te ra te d  
compounds (F igu res 5 .2 , 5 .3 ) ,  and a good c o r r e la t io n  was observed  
between th e  l i p o p h i l i c i t y  o f  th e  s t r a ig h t  chain  a lk y l-p -n i t ro p h e n y le th e r s  
( in c lu d in g  th e  d e u te ra te d  compounds) and t h e i r  v a lu es  (F ig u re  5 .2 . ) .  
Equation (5 .1 )  was found to  ho ld  fo r  a  p lo t  o f  lo g  Kg V. lo g  P w ith  
f iv e  o f  th e  a lk y l-p -n i t ro p h e n y le th e r s ,  b u t n o t w ith  th e  b ranched  
chain  compound p -n it ro p h e n y liso p ro p y le th e r , a lthough  i t  i s  s i tu a te d
.L 4  J
in  th e  expected  p o s i t io n  o f  th e  lo g  P s c a le .
lo g  K = -  0.91124 lo g  P + 1.48663 . . . . . . . .  ( 5 . I )
n = 5, r  = 0.993  s tan d a rd  d e v ia t io n  = 0.0235
E quation  (5 .2 )  ta k e s  in to  account a l l  s ix  compounds t e s t e d  and 
th e re fo re  can be used to  d e sc rib e  th e  e f f e c t  o f  p -n itro p h e n y l­
is o p ro p y le th e r  on th e  c o r r e la t io n  c o e f f ic ie n t .
lo g  K = -  0.99592  lo g  P + 1.35732  ----- - (5 .2 )s . . . . .
n = 6, r  = 0.929
The V and K v a lu es  fo r  th e  d e a lk y la tio n  o f  a lk y l - p - n i t r o -  max m ^
p h en y le th e rs  a re  p re sen te d  in  Table 5 .2 . The i n i t i a l  v e lo c i ty  o f
th e  d e a lk y la tio n  o f p -n itro p h e n e to le  (25 yM) was tw ice  th a t  o f
" p -n itro a n is o le  (F igure 5 .4 ) ,  w h ils t  th e  in c re a se  over p - n i t r o a n i s o le
fo r  th e  d e a lk y la tio n  o f  p -n itro p h e n y liso p ro p y le th e r  was 3 tim es
(F igure  5 .5 ) .  S im ila r ly , u s in g  th e  same c o n c e n tra tio n , p -n itro p h e n y l-
b u ty le th e r  was dea lk y la te d  about 2 .5  tim es f a s t e r  th a n  p - n i t r o a n i s o le ,
An in c re a se  in  th e  V was found w ith  an in c re a se  in  th e  number o fmax
carbon atoms o f th e  p -n i t ro p h e n y la lk y le th e r s , bu t i n t e r e s t i n g l y ,  th e
h ig h e s t  V v a lu e  and th e  f a s t e s t  d e a lk y la tio n  r a t e  were found w ith  max
th e  branched chain  compound p -n it ro p h e n y lis o p ro p y le th e r .  v a lu e s
d ecrease  w ith  th e  in c re a se  o f th e  number o f  carbon atoms o f  th e  e th e r : 
s tu d ie d , w ith  th e  excep tion  o f p -n itro p h e n y liso p ro p y le th e r  which 
showed a sm alle r va lue  th a n  p -n it ro p h e n y ib u ty le th e r .
The i n i t i a l  d e a lk y la tio n  v e lo c i t i e s  o f d e u te ra te d  p - n i t r o a n i s o le  
(25 yM) and d e u te ra te d  p -n it ro p h e n e to le  (25 yM) were found to  be 
slow er than  t h e i r  n o n -d e u te ra ted .a n a lo g u es  (F igure  5 .6 ) ,  w hereas 
th e  r a te  o f d e a lk y la tio n  o f  d e u te ra te d  p -n it ro p h e n e to le  was about
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two tim es h ig h e r th an  th a t  o f  th e  d e u te ra te d  p - n i t r o a n i s o le .  The 
\ i a x  ^ ^ s u lts  fo r  th e  d e a lk y la tio n  o f th e  u n la b e lle d  compounds were 
found to  be 2 -  3 tim es g re a te r  th a n  th o se  o f t h e i r  d e u te ra te d  
analogues. The v a lu es  o f th e  d e u te ra te d  compounds were h ig h e r 
th a n  th o se  fo r  t h e i r  co rrespond ing  u n la b e lle d  compounds.
The IT v a lu es  fo r  d e a lk y la tio n  a re  g e n e ra lly  one o rd e r  o f
m agnitude low er th an  th e  co rrespond ing  K v a lu e s . I t  i s  a ls o  tos
be no ted  th a t  A v a lu es  fo r  th e  s ix  e th e r s  s tu d ie d  a re  s im i la r ,  max
whereas V v a lu es  a re  no t (T ables 5 .1  & 5 .2 ) .max
Poor c o r r e la t io n  was n o tic e d  between lo g  K v . lo g  P (F igu re  5 .3 )m
The s lope  o f t h i s  r e la t io n s h ip  d i f f e r s  from th a t  fo r  lo g  v . lo g  P. 
E quation  (5 .3 )  was found to  ho ld  fo r  th e  compounds s tu d ie d .
lo g  = -  0 .513 lo g  P + 3.449... .................... (5 .3 )
n = 6 , r  = 0.788
Experim ents were c a r r ie d  out to  determ ine th e  ty p e  o f  i n h ib i t i o n
caused  by m etyrapone. A ty p ic a l  co m p etitiv e  in h ib i t io n  was found 
by m etyrapone on th e  d e a lk y la tio n  r a t e  o f  a l l  th e  e th e r s  s tu d ie d .
A c l a s s i c a l  example i s  shown in  F igu re  5 .7  u sin g  a Linew eaver-B urk 
(ty p e ) p lo t  w ith  m etyrapone c o n c e n tra tio n  o f 0 .25  yM. The r e a c t io n
was in h ib i te d  alm ost com pletely  by 1 .0  yM o f m etyrapone.
A ll th e  compounds s tu d ie d  showed s im ila r  s t im u la tio n  o f  NADPH- 
cytochrome P-450 re d u c ta se  when employed in  a c o n c e n tra tio n  th a t  was 
approx im ate ly  th e  c o n c e n tra tio n  fo r  d e a lk y la t io n . T y p ic a lly  an 
in c re a se  o f  about 19% was found fo r  each s u b s t r a te  a g a in s t  c o n tro ls  
(Table 5 .3 ) .
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No s ig n i f ic a n t  d if f e re n c e s  between th e  s t im u la tio n  produced 
by v a rio u s  s u b s tr a te s  were observed .
146
Table 5.1
S p e c tra l ly  A pparent In te r a c t io n s  o f  V arious p -N itro p h e n y la lk y le th e rs
D ata were d e riv ed  from Lineweaver-Burk p l o t s ,  u s in g  a m icrosom al p ro te in  
c o n c e n tra tio n  o f 2 mg/ml. •
Compound K X 10  ^ Mt s A t  max
A X 10 ^ /2  mg
p -N itro n a n iso le 42 .0  ± 2 .0 8 ± 1 .0
‘ * *
a-D^ p -N itro a n is o le 39.0  ± 3 .0 8 ± 1 .0
** *
p -N itro p h en e to le 20 .0  ± 1 .0 6 ± 1 .0
* *
a-D^ p -N itro p h en e to le 17 .0  ± 1 .0 6 ± 0 .5
*** ^  *
p -N itro p h e n y liso p ro p y le th e r 2 .2  ± 0 .2 6 ± 1 .0
*** *
p -N itro p h e n y lb u ty le th e r 1 .6  ± 0 .15 11 ± 1 . 0
t  Values a re  mean ± S.E.M. o f  3 experim ents '
S tu d en ts  "b t e s t  was a p p lie d  u sin g  p - n i t r o a n is o le  as a  r e f e r e n c e ,  excep t
fo r  a-D_ p -n it ro p h e n e to le , where p -n it ro p h e n e to le  was u sed  as a
* . . .  ** *** 
re fe re n c e  n o n - s ig n if ic a n t ,  P < 0 .0 1 , P < 0 .0 0 1 .
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Table 5.2.
D ealk y la tio n  R ates o f  V arious p -N itro p h e n y la lk y le th e rs .
D ata were d e riv ed  from Lineweaver-Burk p lo t s ,  u s in g  phenobarb itone  
p re t r e a te d  r a t  l i v e r  microsomes.
Compound “6K X 10 M t  m V tmax
A X  10 ^/O , 5 mg/min
p -N itro a n is o le
a-D^ p -N itro a n iso le
p -B itro p h en e to le
a-D^ p -N itro p h e n e to le .
p -N itro p h en y li s o p ro p y le th e r
p -N itro p h e n y lb u ty le th e r
30.0 ± 4 .0 16 ± 2
46.0 ±
*
5.0 6 ±
***
1
15.0 ±
*
2 .0 33 ±
***
3
26.0 +
*
3.0 11 ± 2
5 .0 +
**
0 .7 50 ± 4*''
8 .3 +
**
1 .3 43 ±
***
6
t  Values a re  mean ± S.E.M. o f  4 experim ents
S tu d en ts  _t t e s t  was a p p lie d  u sin g  p - n i t r o a n is o le  as a r e f e r e n c e ,  excep t
a-Dg p -n it ro p h e n e to le ,  where p -n it ro p h e n e to le  was used  as a
re fe re n c e .
* ** ***
P < 0 .0 5 , P < 0 .0 1 , P < 0 .0 2 .
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Table 5.3
E ffe c t  o f s u b s tr a te s  on h e p a tic  m icrosom al cytochrome 
p-450 re d u c tio n  by NADPH in  male r a t s ^
Compound Cytochrome P-450 re d u c tio n  
(a OD 450 nm/sec/mg p ro te in  
X 10-3
C o n tro ls 13.25 i 0,66
p -N itro a n is o le 15.83 ±
*
1.04
a-Dg p -N itro a n is o le 15.92 ±
*
0 .95
p -N itro p h en e to le 15.42 + 0 .38
a-Dg p -N itro p h en e to le 16.00
**± 0 .25
**
p -N itro p h en y liso p ro p y le th e r 15.50 0 .35
16.00
**
p -N itro p h e n y lb u ty le th e r ± 0 .40
The c o n c e n tra tio n  o f th e  compounds was approx im ate ly  th e  K 
c o n c e n tra tio n  o f  d e a lk y la tio n .
m
Values a re  mean ± S.D. o f  3 d e te rm in a tio n s
S tu den ts  _t t e s t  was a p p lie d  to  compare each s u b s tr a te  w ith  c o n tro ls
* **
P ^ 0 .0 2 , P < 0 .01
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Figure 5,1
Microsomal Spectral Interactions with p-nitroanisole 
and p-nitrophenylbutylether
0 .005  A
b
450 420 390 450 420 390
(a) Baseline
(b) 0.6 mM p-nitroanisole
(c) 0.045 mM, p-nitrophenylbutylether
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F igure 5 .2
The re la tio n sh ip  betw een  lo g  Kg and lo g  P  
(octanol-phosphate buffer, pH 7 .4 )  o f the p -n itrop h en y la lk y le th ers
Log K,
- 2 . 0
- 3 .0
-4 .0
(a) . .  p -n itr o a n iso le
(b) . .  a -D g  p -n itr o a n iso le
(c) . .  p -n itro p n en eto le
(d) . .  -D g p -n itrop h en eto le
(e) . .  p -n itrop h en y lisop rop y l-
e th er
(f) . .  p -n itrop h en y lb u ty leth er
3.0 _ 4 .0
Log P
5.0
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F igure 5 .3
The re la tio n sh ip  betw een lo g  and lo g  P  
(octanol-phosphate buffer, pH 7 .4 )  of p -n itro p h en y la lk y le th ers
(a) . .  p -n itroan iso le
(b) . .  a-Dg p -n itro an iso le
(c) . .p -n itr o p h e n e to le
(d) , .  ar^2 P -^itropheneto le
(e) . .  p-nitrophenylisopropyleth î
(f) . .  p -n itrophenylbu ty lether
- 4 .0
Log Km
- 5 .0
- 6 . 0
2.0 3.0 4 .0
Log P
1 5 2
F igure 5 .4
A comparison between the initial rate of dealkylation 
of p-nitroanisole and p-nitrophenetole
A
0 .0 1  A
I 3 inins j
(a) E quilibrium  pen p osition
(b) The in itia l ra te  o f dém éthylation  of 25 pM p -n itr o a n iso le
(9 unit s /m  in).
(c) The in itia l ra te  of d ealkylation  of 25 pM p -n itrop h en eto le
(2 0 .2 5  u n its /m in ) .
(b) and (c) were obtained after the addition of NADP
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Figure 5.5
The initial dealkylation rate of p-nitroanisole 
as compared to that of p-nitrophenylisopropylether
A
0.01 A
3 mins
(a) Equilibrium pen position.
(b) Initial rate of déméthylation of 25 pM p-nitroanisole
(9 units/min)
(c) Initial rate of dealkylation of 25 pM of p-nitrophenyl­
isopropylether (27.6 units/min)
(b) and (c) were obtained after the addition of NADP
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Figure 5.6
The initial rate of dealkylation of 
p-nitroanisole and its deuterated isomer
0 .01  À
3 mins
(a) Equilibrium pen position.
(b) Initial rate of déméthylation of 25 pM p-nitroanisole
(9 units/min).
(c) The initial rate of dealkylation of 25 pM deuterated
p-nitroanisole (1.9 units/min).
(b) and (c) were obtained after the addition of NADP.
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Figure 5.7
Lineweaver-Burk diagram of the inhibition of 
p-nitroanisole déméthylation by metyrapone
0.4
0.3
0.2 r*
no inhibitor
0.1
- 0 . 0 2 0.04 0.080.060 0.02
[p-nitroanisole ]  ^ ( pM"^)
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5.3. DISCUSSION
A ll th e  v a r io u s  a lk y l-p -n i t ro p h e n y le th e r s  s tu d ie d  in t e r a c t  
w ith  r a t  h e p a tic  microsomes to  produce a type I  s p e c t r a l  change.
The v a lu es  c a lc u la te d  f o r  th e  in te r a c t io n  o f the  s t r a i g h t  ch a in  
compounds show an e x c e lle n t  c o r r e la t io n  w ith  t h e i r  p a r t i t i o n  
(c o e f f ic ie n ts .  p -N itro p h e n y liso p ro p y le th e r  d id  no t f i t  th e  
r e la t io n s h ip  between lo g  v . lo g  P observed  fo r  th e  s t r a ig h t  
ch a in  compounds, presum ably in d ic a t in g  th e  c o n tr ib u tio n  o f  a  
s t e r i c  f a c to r  to  binding.H ow ever i n t e r e s t in g  t h i s  r e s u l t s  in  
an  improved b in d in g  a f f i n i t y ,  no s ig n i f i c a n t  d if f e r e n c e s  e i th e r  in
th e  K v a lu es  o r in  th e  p a r t i t i o n  c o e f f ic ie n t s  cou ld  be d e te c te ds
betv;een th e  d e u te ra te d  compounds and t h e i r  u n la b e lle d  an a lo g u es .
The r a t e  o f d e a lk y la tio n  o f th e  e th e r s  s tu d ie d  in c re a se d  a s  
th e  number o f carbon atoms in  th e  s t r a ig h t  chain  in c re a s e d . The 
h ig h e s t  r a t e ,  however, was found w ith  th e  b ran ch ed -ch a in  p - n i t r o -  
p h e n y liso p ro p y le th e r . A lthough i t  ran k s  in  th e  expected  p o s i t io n  
o f th e  lo g  P -sc a le  (F ig u re s  5 -2  & 5 .3 )  i t  shows a low er th an  
would seem a p p ro p r ia te  fo r  i t s  s t r a ig h t  chain  an a lo g u es . The same 
h o ld s  t ru e  fo r  th e  K p lo t .  T h is unusual behaviour m ight ex p la in  
th e  enhanced re a c t io n  r a t e .  Presum ably, th e  enhanced d e a lk y la t io n  
r a t e  fo r  th e  s t r a ig h t  chain  compounds w ith  in c re a s in g  ch a in  le n g th  
i s  la r g e ly  a  r e f l e c t i o n  o f th e  h ig h e r s u b s tr a te  b in d in g  to  cytochrome 
P-450 w ith  in c re a s in g  chain  le n g th .
Our f in d in g s  a re  in  ap p a ren t c o n f l i c t  w ith  th o se  o f McMahon, 
e t  a l  (1963) who re p o r te d  a  decreased  d e a lk y la tio n  r a t e  w ith  
in c re a s in g  s iz e  o f the  a lkoxy  group a f t e r  a 30-m inu tes  in c u b a tio n . 
However, s in ce  in  our experim ents on ly  th e  i n i t i a l  k in e t i c s  o f
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d e a lk y la tio n  ( i . e .  r e a c t io n  over th e  f i r s t  1 *r 3 m inu tes) were used  
to  determ ine th e  k in e t ic  c o n s ta n ts , McMahon/s r e s u l t s  cannot 
d i r e c t l y  be compared w ith  our own.
O bviously we a re  n o t m easuring a l l  th e  m e ta b o lite s  (Mitoma 
£ t  1971) Î b u t i f  th e  fo rm atio n  o f o th e r  m e ta b o lite s  has an 
in f lu e n c e  on th e  r e s u l t s  v ia  co m p etitio n  fo r  an a c t iv e  in te rm e d ia te , 
i t  would ten d  to  reduce r a th e r  th an  enhance a -h y d ro x y la tio n  
th e re fo re  r e s u l t  in  an under v a lu e in g  o f d e a lk y la tio n  r a t e  fo r  th e  
d e a lk y la tio n  o f th e  lo n g e r ch a in  compounds.
Three p o s s ib le  r a t e - l im i t i n g  s te p s  have been c o n sid e red  by 
o th e r  w orkers:
(a )  L ip id  S o lu b i l i ty  cou ld  be co n sid e red  to  be th e  r a t e - l im i t i n g
s t e n . K i t a g a w a  e t  a l (  1 9 7 2 )  f o u n d  t h a t  t h e  r a t e s  o f  N - d é m é t h y l a t i o n  o f
s e v e ra l  s e r i e s  o f p - s u b s t i tu te d  d im e th y la n ilin e  o f low l i p i d
s o lu b i l i t y  depended upon t h e i r  l i p i d  s o l u b i l i t i e s ,  and su g g es tin g
I
th a t  th e  p e n e tra t io n  o f s u b s t r a te  in to  l i p i d  membrane w i l l  be th e  
r a t e  l im i t in g  s te p  fo r  th e  N -dem ethylation  o f those  compounds.
M artin  & Hansch (1971) have found th a t  th e  r e l a t i v e  M ich ae lis  
c o n s ta n t o f a  s e r i e s  o f l4  drugs in c re a s e  w ith  enhanced p a r t i t i o n  
c o e f f ic ie n t ,  w hereas, I4azel ^  ^  ( I 966) found no c o r r e la t io n  
between l i p i d  s o l u b i l i t y  and th e  e x te n t o f m etabolism  fo r  a  s e r i e s  
o f puromycin analogues and r e l a t e d  compounds. However, th e  r e s u l t s  
p re se n te d  in  t h i s  c h ap te r would seem to- ag ree  w ith  th a t  o f  Jan sso n  
e t  a l  (1972) who &id n o t f in d  a l i n e a r  c o r r e la t io n  betw een p a r t i t i o n  
c o e f f ic ie n ts  and r a t e s  o f m etabolism  f o r  th e  l4  b a r b i tu r a te s  th ey  
s tu d ie d . With th e  p -n it ro p h e n y le th e rs  th e re  i s  an in d ic a t io n  th a t  
th e  more l i p i d  so lu b le  compounds in  th e  s t r a ig h t  a l ip h a t i c  ch a in
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o f  t h e  e t h e r s  u n d e r g o  m o r e  r a p i d  o x i d a t i o n  t h a n  d o  t h e  l e s s  l i p i d -  
s o l u b l e  c o m p o u n d s .  H o w e v e r ,  t h e  b r a n c h e d - c h a i n  c o m p o u n d ,  p - n i t r o -  
p h e n y l i s o p r o p y l e t h e r  d e a l k y l a t e d  m u c h  m o r e  r a p i d l y  t h a n  p - n i t r o p h e n y l ­
b u t y l e t h e r ,  a l t h o u g h  t h e  f o r m e r  i s  l e s s  l i p i d - s o l u b l e  t h a n  t h e  l a t t e r .
I n  c o n t r a s t ,  s t e r i c  h i n d r a n c e  a r o u n d  t h e  n i t r o g e n  a t o m  w a s  s u g g e s t e d
t o  b e  t h e  m a i n  r e a s o n  f o r  s l o w e r  r a t e s  i n  t h e  N - d e m e t h y l a t i o n  o f
N - m e t h y l - N - a l k y l a n i l i n e  d e r i v a t i v e s  ( K i t a g a w a ,  e t  a l  1972)» L i p i d  s o l u b i l i t y
a s  a  d e t e r m i n a n t  f o r  t h e  r a t e - l i m i t i n g  s t e p  f a i l s  c o m p l e t e l y  t o  e x p l a i n
v a r i a t i o n s  i n  r e a c t i o n  r a t e s  b e t w e e n  p - n i t r o a n i s o l e  a n d  i t s  d e u t e r a t e d
a n a l o g u e  o r  p - n i t r o p h e n e t o l e  a n d  i t s  d e u t e r a t e d  a n a l o g u e  w h i c h  h a v e
s i m i l a r  l i p i d  s o l u b i l i t i e s .
( b )  T y p e  I  s p e c t r a l  c h a n g e  w a s  a s s o c i a t e d  w i t h  m e t a b o l i s m  b e c a u s e  o f
s o m e  c o m p o u n d s  e l i c i t i n g  t h i s  t y p e  o f  s p e c t r u m  w h i c h  w e r e  k n o w n  s u b s t r a t e s
o f  t h e  m o n o - o x y g e n a s e  s y s t e m ,  a n d  t h r o u g h  f r e q u e n t  s i m i l a r i t i e s  b e t w e e n
K a n d  K v a l u e s .  H o w e v e r ,  a  l a c k  o f  c o r r e l a t i o n  b e t w e e n  K a n d  K 8  m s  m
v a l u e s  v / a s  r e p o r t e d  f o r  b i n d i n g  a n d  m e t a b o l i s m  o f  a m o b a r b i t a l , . 
h e x o b a r b i t a l  a n d  p e n t o b a r b i t o l  ( S i t a r  & M a n n e r i n g ,  1973) a s  w e l l  a s ,  
s o m e  e n a n t i o m e r i c a l l y  r e l a t e d  s u b s t r a t e s  ( A n d e r s  e t  a l ,  1973) .  F u r t h e r  
m o r e , n o  c o r r e l a t i o n  i s  a p p a r e n t  b e t w e e n  v a l u e s  o f  h y d r o x y l a t i o n
o f  t h e  d e r i v a t i v e s  o f  a n i l i n e  a n d  a m i n o a n t i p y r i n e  a n d  t h e i r  Amax
v a lu es  (Archakov e t  a l , 1974). The K  ^ v a lu e s  fo r  th e  b in d in g  of
a l k y l - p - n i t r o p h e n y l e t h e r s  w e r e  o n e  o r d e r  o f  m a g n i t u d e  h i g h e r  t h a n
t h e  c o r r e s p o n d i n g  K ^  v a l u e s  f o r  t h e  0 - d e m e t h y l a t i o n ;  a n d  w h i l s t  t h e
A _  v a l u e s  w e r e  s i m i l a r ,  t h e  V v a l u e s  a r e  n o t .  m a x  m a x
( c )  NADPH-cytochrome P-430 re d u c ta se  was suggested  to  be th e  r a t e -  
l im i t in g  s te p  in  th e  m ix ed -fu n c tio n  ox idase  (Schenkman &
Cinti, 1970) . Davies et al ( I969) found that the rate of NADPH-
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cytochrome P-450 re d u c tio n  measured in  l i v e r  microsomes o f d i f f e r e n t  
s p e c ie s ,  more c lo se ly  p a r a l le l e d  th e  r a t e  o f e th y l morphine dém éth y la tio n  
th an  d id  th e  magnitude o f th e  type I  s p e c t r a l  change. Flynn _et ^
( 1972) have re p o r te d  th a t  th e  le v e l  o f cytochrome P-450 re d u c ta se  
a c t i v i t y  c o r r e la te d  w ith  th e  0-D em ethylase a c t i v i t y  in  th e  r a t .
However, Schenkman (1972) who found a good c o r r e la t io n  between th e  
r a t e  o f am inopyrine d ém éthy la tion  and th e  re d u c ta se  a c t i v i t y ,  su g g ested  
th a t  NADPH-cytochrome P-450 re d u c ta se  i s  n o t th e  r a t e - l im i t i n g  s te p  in  
th e  e thylm orphine d ém éth y la tio n . A lso , Archakov, e l  a l  (1974) re p o r te d  
t h a t  re d u c tio n  o f th e  cytochrome i s  n o t r a t e - l im i t i n g  f o r  th e  
h y d ro x y la tio n  o f a n i l in e  d e r iv a t iv e s .  In  th e  case o f th e  p -n it ro p h e n y l-  
e th e r s  a l l  th e  compound s  e x e r t  a  p o s i t iv e  m o d ifie r e f f e c t  on th e  re d u c tio n  
o f th e  cytochrom e, b u t th e re  i s  no s ig n i f ic a n t  d if f e re n c e  between th e  
m agnitude o f th e se  enhancem ents.
In  a  sea rc h  fo r  o th e r  approaches to  determ ine th e  r a t e - l i m i t i n g  
s te p ,  s u b s t i tu t io n  o f hydrogen atoms by deuterium  atoms a t  th e  a c t iv e  
carbon atom h as been u sed . B ut, l i k e  th e  o th e r  o b se rv a tio n s , many 
c o n tra d ic to ry  r e p o r ts  have appeared  d e sc r ib in g  th e  p re sen c e , a s  w e ll a s  
th e  absence o f iso to p e  e f f e c t s  w ith  d i f f e r e n t  compounds. While on ly  
a  sm all deuterium  iso to p e  e f f e c t  (K^/^^ = 1 . 25) was re p o r te d  in  th e  
N -dem ethylation  o f e thylm orphine and i t s  d e u te ra te d  analogue
(Thompson & Holtzman, 1974); an iso to p e  e f f e c t  o f 1 .8  was found f o r  th e
*: ■
CX -h y d ro x y la tio n  o f a ,a  -d^  e thy lbenzene (McMahon ^  a 2 , I 969) .
F u rtherm ore , th e  in  v i t r o  r a t e  o f m etabolism  o f th e  d e u te ra te d  
5 - n - b u ty l - 5 - e th y lb a r b i tu r ic  a c id  was s ig n i f i c a n t ly  low er th an  i t s  
u n la b e l le d  analogue (Tanabe e]b aT, I 969) .  However, p e rh ap s  th e  most 
i n t e r e s t in g  s tu d ie s ,  were th o se  c a r r ie d  ou t w ith  d e u te ra te d  n i t r o a n i s o l e s .  
An iso to p e  e f f e c t  o f 2 was re p o r te d  f o r  th e  d ém éthy la tion  o f
i 6 o
m ethyl-d^ o -n i t ro a n is o le  (Mitoma e t  a l ,  I 96I)  and m ethy l-d^ 
p -n i t r o a n is o le  (F o s te r  e t  a l ,  1974).
The m icrosom al o x id a tiv e  dém éthy lation  o f  amines has been 
suggested  to  occur by a f r e e  r a d ic a l  mechanism v ia  th e  d isp lacem en t 
o f  an a-hydrogen atom (Hansch & K erley , 1970). A f r e e  r a d ic a l  
involvem ent a lso  appears to  be l i k e l y  fo r  th e  d e a lk y la tio n  o f  th e  
p -n itro p h e n y le th e rs  (F igure  5•8 ) • The s t a b i l i t y  o f f r e e  r a d ic a l  
in te rm e d ia te s  w i l l  g e n e ra lly  in c re a se  where s e v e ra l  resonance 
p o s s i b i l i t i e s  e x i s t  and should  le a d  to  enhanced carbon-hydrogen bond 
b reak ag e . Assuming a s in g le  mechanism i s  concerned in  th e  d e a lk y la t io n  
o f  th e  p -n it ro p h e n y la lk y le th e rs ,  th en  p -n itro p h en y liso p ro p y l-e th e r 
might be expected  to  y ie ld  a more s ta b le  r a d ic a l  ( s t r u c tu r e  6,
F ig u re  5 .8 ) compared w ith  th e  s t r a ig h t  chain  compounds, and t h i s  may 
ex p la in  why i t  i s  dea lk y la te d  more r a p id ly .
F igu re  9»8.
NO,
1.
r
R — C ^
I
R'
B
2.
A
R — C —  0 —  H
B
R»
C
NO
+ RCOR» + BE
(where E re p re s e n ts  a  f r e e  r a d ic a l  i n i t i a t i n g
*
AT)  A  t  p .  rrr o / ü  • r ;  r v '1 \
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S in ce , b in d in g  to  cytochrome P-450, s t e r i c  h in d ra n c e , l i p i d  
s o l u b i l i t y ,  and e f f e c t s  on cytochrome P-450 re d u c ta se  a c t i v i t y  
appear n o t to  be th e  d e te rm in an ts  o f  th e  slow er r a t e  o f d e a lk y la t io n  
o f  th e  d e u te ra te d  compounds compared w ith  t h e i r  hydrogen s u b s t i tu te d  
an a lo g u es , i t  i s  p o s s ib le  t h a t  th e  r a t e - l im i t in g  s te p  fo r  d e a lk y la t io n  
i s  th e  d isp lacem ent o f hydrogen o r deuterium  atom from th e  a -ca rb o n  
atom, ( s ta g  1 . F ig u re  5 .8 ) .  This view i s  supported  by th e  o b se rv a tio n  
th a t  th e  energy re q u ire d  to  b reak  a carbon-deu terium  bond v ia  a f r e e  
r a d ic a l  mechanism i s  g re a te r  th an  th a t  needed to  c leave  a ca rb o n - 
hydrogen bond, t h i s  i s  because a deu terium -carbon  bond has a low er 
ground s t a t e  energy (March, I 968).
The in f lu e n c e  o f deuterium  on th e  d e a lk y la tio n  r a te s  has im p o rtan t 
im p lic a tio n s  fo r  th e  assay  o f o x id a tio n  enzymes when i t  i s  based  on 
t r i t i u m  o r deuterium  d isp lacem en t, th e  r a te  o f  m etabolism  o f  such 
s u b s t i tu te d  compounds may be c o n s id e ra b ly  l e s s  th an  th a t  o f  th e  
hydrogen c o n ta in in g  s u b s tr a te  to  which i t  i s  in ten d ed  to  e x tr a p o la te .
Deuterium  could  be used more e x te n s iv e ly  to  look  a t  drug m etabolism  
mechanisms, e .g .  to  d is t in g u is h  between d i r e c t  in s e r t io n  o f  hydroxy l 
group and ep o x id a tio n .
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The im portance of l i p i d  s o lu b i l i t y  fo r  a  su b stan ce  to
i n t e r a c t  w ith  h e p a tic  microsomes to  g ive  a type I  b in d in g  spectrum
h as  been co n sid e red , u s in g  s e v e ra l  s e r i e s  of model compounds in
v/hich non hydrophobic fo rc e s  a re  n e g lig a b le  o r k ep t c o n s ta n t fo r
a p a r t i c u la r  s e r i e s .  The d is s o c ia t io n  c o n s ta n t, a s  d e riv e d  from
th e  type I  s p e c t r a l  change, has been used  a s  a measure o f th e
a f f i n i t y  w ith  which a s u b s t r a te  i n t e r a c t s  w ith  cytochrome P-4]pO.
T h is  has been r e la te d  to  l i p i d  s o l u b i l i t y  determ ined  by p a r t i t i o n
in  an o c tan o l-p h o sp h a te  b u f f e r  (pH 7 .4 )  system . S im ila r ly , th e
p a r t i t i o n  c o e f f ic ie n ts  o f some a lk y l-p -n i t ro p h e n y le th e r s  have been
r e la te d  bo th  to  th e  K v a lu e s  and to  th e  r a t e s  a t  which th ey  a res
d e a lk y la te d  by th e  m icrosom al mono-oxygenase system . The r e s u l t s
in d ic a te  a good c o r r e la t io n  between lo g  and lo g  P, b u t a  poor
c o r r e la t io n  between lo g  and lo g  P. The c o r r e la t io n  between
lo g  K V.  lo g  P, c le a r ly  in d ic a te  th e  im portance o f l i p i d  s o l u b i l i t y  s
in  th e  b in d in g  o f drugs to  cytochrome P-490, which i s  su p p o rted  by 
th e  f in d in g  th a t  t h i s  r e la t io n s h ip  a l s o ,  h o ld s  fo r  th e  p a r t i t i o n  
o f F a tty  A cids a s  a  model s e r i e s  in  o th e r  s o lv e n ts ,  such
a s :  n -hep tane/aqueous s o lu t io n  ( c o r r e la t io n  c o n s ta n t = 0 .9 3 ) .
However, d i f f e r e n t  s e r i e s  o f o rgan ic  compounds produced d i f f e r e n t  
in te r c e p ts  a s  c a lc u la te d  from th e  re g re s s io n  a n a ly s is  o f lo g  v , lo g  P. 
S ev e ra l p o s s i b i l i t i e s  may be co n sid e red  to  e x p la in  such v a r ia t io n s  
in  a n d /o r v a lu es : (a )  th e re  may e x is t  a  s in g le  P-430 w ith
one b ind ing  s i t e ,  (b ) s e v e ra l  P-430 * s  may be p re s e n t which a re  n o t 
in te r c o n v e r t ib le ,  (c ) one P-430 w ith  s e v e ra l  non in te r c o n v e r t ib le  
b in d in g  s i t e s  may occu r, (d) th e re  may be s e v e ra l  in te r c o n v e r t ib le  
P -430 ' s , o r (e ) one P-430 v/ith  s e v e ra l  in te r c o n v e r t ib le  b in d in g  
s i t e s  could  be in v o lv ed . I t  ap p ears  from our s tu d ie s  th a t  Amax
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v a lu es  d i f f e r  from s e r i e s  to  s e r i e s ,  and v a r ia t io n s  can a lso  
be found in  one p a r t i c u la r  s e r i e s ,  and a lthough  th e se  v a r ia t io n s  
a re  n o t sy s te m a tic , in  some cases  th ey  a re  s ig n i f i c a n t .  F u r th e r­
more compounds c o n ta in in g  bu lky  groups, b ind  alm ost a s  w e ll a s  
t h e i r  p a re n t compounds. These o b se rv a tio n s  to g e th e r ,  w ith  the  
f a c t  th a t  a wide v a r ie ty  o f o rgan ic  compounds could  i n t e r a c t  w ith  
cytochrome P-430 g iv in g  th e  type I  s p e c t r a l  change, would appear 
to  la r g e ly  d isco u n t th e  p o s s i b i l i t y  (a ) o f a  s in g le  P-430 
c o n ta in in g  on ly  one b in d in g  s i t e .  P o s s i b i l i t i e s  (b ) & ( c ) ,  which 
cou ld  ex p la in  th e  b in d in g  o f d i f f e r e n t  s e r i e s  o f c.ompounds to  
P-430, d o n 't  seem to  r e p re s e n t  th e  a c tu a l  mechanism o f s p e c t r a l  
in te r a c t io n s  s in c e , th e  a d d it io n  o f a  type  I  compound to  th e  
m icrosom al su spension  c o n ta in in g  a n o th e r type I  b in d e r  a t  i t s  
h ig h e r A A, does no t produce an a d d i t iv e  e f f e c t .  F u r th e r  s tu d ie s  
a re  needed in  o rd e r to  examine th e se  two p o s s i b i l i t i e s .  . However, 
th e  q u e s tio n  o f th e  p resen ce  o f d i f f e r e n t  sp e c ie s  o f cytochi-ome 
P-430 w ith in  a  s in g le  type o f p re p a ra t io n  has been r e c e n t ly  r a i s e d .  
A lv ares e f a l  (1 9 7 3 )j and Welton & Aust (1974) u s in g  g e l e l e c t r o ­
p h o re s is  fo r  s e p a ra tio n  o f m icrosom al p ro te in s  dem onstrated  th e  
p resence  of more th an  one haem oprotein f r a c t io n  in  such p re p a ra t io n s . 
Furtherm ore, W erring loer & E stabrook  (1973) have su g g ested  th a t  
fo u r  ty p es  o f cytochrome P-430 e x is t  in  l i v e r  microsomes from 
p h e n o b a rb ito n e - tre a te d  an im a ls , such a s  r a b b i t s  and h am ste rs .
In  l in e  w ith  th e se  o b se rv a tio n s , th e  p o s s i b i l i t y  o f s e v e ra l  
in te r c o n v e r t ib le  P-430*s may be o f g re a t  im portance . If"w ou ld  
e x p la in  th e  in te r a c t io n  o f d i f f e r e n t  s e r i e s  o f compounds th rough  
th e  e x is te n c e  o f v a r io u s  sp e c ie s  o f cytochrome P -430 , according , 
to  th e  fo llo w in g  scheme;
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in  which a p a r t i c u la r  s e r i e s  o f compounds ( re p re s e n te d  by ”X")» 
may s h i f t  th e  eq u ilib riu m  tow ards s ta g e  "B", w ith  a  b in d in g  
a f f i n i t y ,  which v a r ie s  w ith  th e  l i p i d  s o lu b i l i t y  o f th e  
compounds in  th a t  p a r t i c u la r  s e r i e s .  In  u s in g  a n o th e r s e r i e s  
o f compounds, s t r u c tu r a l l y  d i f f e r e n t  from th e  f i r s t  one, a  
co n fo rm atio n a l change may enhance th e  s h i f t  o f t h i s  e q u ilib r iu m  
tow ards s ta g e  "C" g iv in g  an o th e r r e g re s s io n  l in e ;  and t h i s  
p robab ly  h o ld s  fo r  s ta g e  w ith  a n o th e r s e r ie s  o f compounds. 
However, w ith  th e  te ch n iq u es  a v a i la b le  a t  p re s e n t ,  i t  seems very  
d i f f i c u l t  to  d is t in g u is h  between s e v e ra l  in te r c o n v e r t ib le  P -430 ' ^ 
'a n d  s e v e ra l  in te r c o n v e r t ib le  b in d in g  s i t e s .
ANS, DMBA (type  I  compounds), and w a rfa r in  (ty p e  P I)  a re  
bound by m icrosom al su sp en sio n s , a s  in d ic a te d  by th e  enhancement 
o f f lu o re sc e n c e  o f th e se  compounds upon th e  a d d it io n  o f m icrosom al 
su sp en s io n s . The b in d in g  s i t e  ( s )  fo r  th e se  compounds appear 
to  o f f e r  a  more hydrophobic environm ent th an  th a t  o f th e  w ater 
p hase , s in c e  d ec rea s in g  th e  d i e l e c t r i c  c o n s ta n t o f th e  medium in  
which th e  compound i s  d is so lv e d , g e n e ra l ly  r e s u l t s  in  an in c re a se d  
quantum y ie ld  o f f lu o re sc e n c e  and a s h i f t  o f th e  maximal em ission  
tow ards s h o r te r  w aveleng ths. T his o f f e r s  an e x p la n a tio n  o f th e  
observed r e la t io n s h ip  between lo g  and lo g  P in  our s tu d ie s .
The .in c re a se  in  th e  ANS quantum y ie ld  o f f lu o re sc e n c e  cou ld  be 
due to  th e  in te r a c t io n  w ith  e i th e r  p h o sp h o lip id s  o r "hydrophobic" 
s i t e s  in  th e  p ro te in  o f P-430. E lin g  & D iA ugustine ( I 9 ? l ) ,  have
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su g gested  th a t  ANS-microsorae f lu o re sc en c e  i s  la r g e ly  a t t r i b u t a b l e  
to  AMS b in d in g  to  membrane p h o sp h o lip id s , and proposed th a t  an 
io n ic  compound, ANS, m ight be a t t r a c t e d  e l e c t r o s t a t i c a l l y  to  
th e  q u a te rn a ry  ammonium head o f m icrosom al p h o sp h a tid y lc h o lin e ; 
th e  hydrophobic n ap h thalene  component o f ANS could  th en  s tro n g ly  
i n t e r a c t  by van der Waals fo rc e s  w ith  th e  a p o la r  hydrocarbon 
c h a in s  o f p h o sp h a tid y lc h o lin e , o r o th e r  l i p i d s .  Our s tu d ie s  
on th e  in te r a c t io n  o f th e  non io n ic  compound, DMBA, w ith  ham ster 
h e p a tic  microsomes in d ic a te  a  hydrophobic in t e r a c t io n ,  s im ila r  
to  th a t  o f ANS, b u t io n ic  in te r a c t io n  between DMBA and h e p a tic  
microsomes a re  most u n l ik e ly  (F ig u re  4 .8 ) .  F urtherm ore , bo th  
compounds re v e a le d  type I  s p e c t r a l  in te r a c t io n s  w ith  ham ster 
h e p a tic  microsomes, in  which th e  s p e c t r a l  d is s o c ia t io n  c o n s ta n t 
K , fo r  ANS and DMBA was in  good agreem ent w ith  th e  determ ined  
f lu o re sc e n c e  d is s o c ia t io n  c o n s ta n t, K^, d e riv ed  from th e  
f lu o re s c e n t  probe s tu d ie s .  These o b se rv a tio n s  would te n d  to  
su p p o rt th e  concept th a t  th e  hydrophobic b in d in g  s i t e  r e s id e s  
in  th e  p ro te in  r a th e r  th an  th e  p h o sp h o lip id  p o r tio n  o f th e  ' 
m icrosom al membrane. F urtherm ore , a  s im i la r i ty  in  th e  n a tu re  
o f th e  environm ents o f th e  b in d in g  s i t e s  on album in and m icrosom al 
cytochrome P-430 may e x i s t , which cou ld  im ply th a t  drug-alburnin  
in te r a c t io n s  might se rv e  a s  a  s u i ta b le  model fo r  a  more d e ta i le d  
s tu d y  o f th e  n a tu re  o f drug m icrosom al b in d in g , (W ilson, 1974). 
However, i f  th e se  hypo theses a re  c o r r e c t ,  then  th ey  must a ls o  
ho ld  fo r  th e  in te r a c t io n  o f type. P I ,  s in c e  th e  in t e r a c t io n  o f 
th e  type PI compound, w a rfa r in , re v e a le d  a s im ila r  enhancement 
o f flu o resq en ce  to  th a t  of DMBA. The co m p etitiv e  in l i ib i t io n  
observed  in  th e  f lu o re sc en c e  s tu d ie s  between th e  type  I  
f lu o re s c e n t  p robe , ANS and th e  type P I ,  w a rfa r in  would su g g es t
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t h a t  type I  and type PI b in d in g  a lth o u g h  a s s o c ia te d  w ith  d i f f e r e n t
til
s i t e s  a re  o f a  s im ila r  hydrophobic n a tu re  and m u tual'^exclusive .
Type I  s p e c t r a l  in te r a c t io n s  a re  o f te n  co n sid e red  to  be 
a s s o c ia te d  w ith  m etabolism  because compounds which e l i c i t  t h i s  
type  o f s p e c t r a l  change in  l i v e r  microsomes a re  g e n e ra lly  
known s u b s t r a te s  of th e  mono-oxygenase system . W hilst a  c lo se  
r e la t io n s h ip  between ap p aren t and v a lu es  h o ld s  t ru e  fo r  
a  number o f compounds, i t  d o e s n 't  appear to  e x is t  fo r  th e  b in d in g  
and m etabolism  of a  s e r i e s  o f a lk y l-p -n i t ro p h e n y le th e r s ,  in  which 
th e  v a lu e s  were ap p rox im ate ly  o n e-o rd er o f  m agnitude h ig h e r 
th an  th e  co rrespond ing  v a lu e s . The la c k .o f  c o r r e la t io n  betw een 
th e se  p a ram ete rs  and th e  magnitude o f th e  s p e c t r a l  change produced 
o r th e  r e l a t i v e  r a t e  o f m etabolism  f o r  th e  e th e r s  s tu d ie d  does 
' n o t suggest a  d i r e c t  r e la t io n s h ip  between r a t e s  o f m etabolism  
and type I  spectrum  fo rm atio n . A view which i s  su p p o rted  by th e  
f in d in g  th a t  in o rg a n ic  compounds such a s  b o r ic  a c id  and s i l i c i c  
a c id s  can in t e r a c t  w ith  h e p a tic  microsomes to  produce a  type  I  
s p e c t r a l  change, a lth o u g h  th ey  a re  u n l ik e ly  to  be m etab o lized  by 
th e  mono-oxygenase system  (Burke, 1972). Furtherm ore, i t  h as  been 
. shown th a t  c e r ta in  o x id ized  m e ta b o lite s  can in t e r a c t  w ith  
cytochrome P-430 to  produce th e  type  I  s p e c t r a l  change (von Bahr & 
O rren iu s , 1971; Burke, 1972).
S tu d ie s  have been perform ed to  determ ine th e  mechanisms o f 
m etabolism  and r a t e  l im i t in g  s te p s  u s in g  p - n i t r o a n i s o le ,  p - n i t r c p h e n e to le , 
t h e i r  d e u te ra te d  an a lo g u es , and p -n it ro p h e n y liso p ro p y le th e r  and 
p -n it ro p h e n y lb u ty le th e r .  I t  has been found th a t  th e  r a t e - l i m i t i n g  
s te p  i s  dependent n e i th e r  on th e  s p e c t r a l  in te r a c t io n s  nor on th e
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re d u c tio n  o f cytochrome P-430. V a r ia tio n s  in  th e  i n i t i a l
d e a lk y la tio n  r a t e s  found between d e u te ra te d  and n o n - la b e lle d
compounds can be ex p la in ed  by a f r e e  r a d ic a l  mechanism (see
C hapter F iv e ) . However, a s  th e  number o f s u b s t r a te s  known to
undergo m etabolism  by th e  P-430 system  i s  l im ite d  because o f
d i f f i c u l t i e s  concern ing  th e  d e te c t io n , i s o la t io n ,  and rea so n ab ly
a c c u ra te  a ssa y  p ro ced u res  capable  o f m easuring a l l  th e  m ajor
m e ta b o lite s , th e  use o f o th e r  te ch n iq u es  to  p rov ide  a  qu ick  and
r e l a t i v e l y  a c c u ra te  method to  determ ine v a lu es  i s  e s s e n t i a l .
The use o f a  m icro -go ld  e le c tro d e  to g e th e r  w ith  an assessm en t o f
NADPH u t i l i z a t i o n  a s  a  to o l  fo r  m on ito ring  th e  m etabolism  o f
x e n o b io tic s  in  v i t r o , by m easuring th e  r a t e  o f oxygen consum ption
i s  o f c o n s id e ra b le  p o te n t i a l  value s in c e ,  m etabolism  by cytochi'ome
P-430 r e q u ir e s  m olecu lar oxygen. The oxygen e le c tro d e  m easures
th e  oxygen consum ption due to  th e  m etabolism  of added s u b s t r a te
and th e re fo re  ta k e s  in to  account a l l  p o s s ib le  o x id a tiv e  m etabo lic
ro u te s ,  w hereas most chem ical a ssa y s  depend on th e  appearance
o f one in d iv id u a l  p ro d u c t, f o r  example; 4-hydroxybiphenyl in  th e
a ssa y  o f b ip h e n y l. Our s tu d ie s  on th e  r a t e  o f oxygen consum ption
o f o c ty l  and d ecy l carbam ates a s  m easured by a go ld  m ic ro -e le c tro d e
have shown K v a lu es  d i f f e r e n t  from th e  K v a lu es  determ ined  by m s
t h e i r  s p e c t r a l  in te r a c t io n  w ith  r a t  h e p a tic  microsomes (o c ty l  
carbam ate; = 1 .2  x 10 ^M, = 7 .1  x . 10 d ecy l carbam ate;
= 8 .0  X 10"^M, K = 3 .3  X 10""%). Wolf e t  ^  ( 1973)have 
re p o r te d  th a t  v a lu es  o b ta in ed  from oxygen consum ption m easurem ents 
compare fav o u rab ly  w ith  o th e r  methods o f d e te rm in a tio n . Some c a u tio n  
i s ,  however n e ce ssa ry  u s in g  t h i s  approach  p a r t i c u l a r ly  w ith  n i t r o g e n -  
c o n ta in in g  compounds in c lu d in g  dodecyl carbam ate and ANS. S im ila r  
o b se rv a tio n  has a lso  been re p o r te d  f o r  a n i l in e  and am inophenyl
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(Wolf a t  a2 , 1973) Î in  which th e se  compounds tend  e i th e r  no t to  
in c re a s e , o r a c tu a l ly  decrease  th e  endogenous oxygen consum ption 
l e v e l s .
A f u l l  a p p r a is a l  o f th e  n a tu re  o f th e  r e la t io n s h ip  between
K , A and K and V must aw ait f u r th e r  in v e s t ig a t io n s  o f s  max ra max °
t h i s  ty p e . Such s tu d ie s  cou ld  a ls o  be o f g re a t p o te n t i a l  va lue
in  s e le c t in g  P-430 i n h ib i to r s .  The req u irem en ts  f o r  a  good
in h ib i to r  be ing  a low K and V b u t a  h igh  K .s  max ^ m
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